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PREFACE

Among the various sources for providing additional quantities of higli-quality proteins for properly bal-

anced diets, oilseeds afford a distinct possibility of meeting the challenge throughout the world.

Progress made toward the optimum utilization of oilseeds, especially cottonseed, peanuts, and soybeans,

as sources of protein-rich foods and feeds, protein concentrates and isolates, was reported by outstanding

scientists and technologists. Marketing problems and the potentials in the development and distribution of pro-

tein-rich products were discussed.

These proceedings report the statements presented by the various speakers during the conference and give

an account of the discussions following.

The statements made by the participants are their own and do not necessarily represent

the views of the U.S. Department of Agriculture.

Underscored numbers in parentheses refer to references at the end of each paper. Ref-

erences figures, and tables are reproduced essentially as they were supplied by the author

of each paper.

Mention of companies or commercial products does not imply recommendation or en-

dorsement by the U.S. Department of Agriculture over others not mentioned.

GENERAL CHAIRMAN
C. H. Fisher

CONFERENCE COORDINATOR
Shirley T. Saucier
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CONFERENCE ON PROTEIN-RICH
FOOD PRODUCTS FROM OILSEEDS

Held at New Orleans, Louisiana

May 15-16, 1968

WELCOME

by

C. H. Fisher, Director

Southern Utilization Research and Development Division

New Orleans, La.

It is my privilege and honor to serve as General

Chairman of this Conference and to welcome all

of you on behalf of the individuals and organiza-

tions planning and sponsoring the Conference. I am
very grateful, of course, for this honor. The spon-

soring organizations are: The Southern Association

of Experiment Station Directors, The National Cot-

tonseed Products Association, Inc.; The National

Peanut Council, and its member organizations,' and

the Southern Utilization Research and Development
Division of the U.S. Department of Agriculture's

Agricultural Research Service.

I am pleased because I can welcome you also on

behalf of Secretary Orville L. Freeman. We are

grateful to him for the following telegram:

"I would like to extend my greetings to those at-

tending this international conference on Prote-

in-Rich Food Products from Oilseeds as you
meet to discuss methods of developing higher

quality protein foods to improve diets at home
and abroad. Together we have come far down
the road in providing adequate diets for Ameri-
cans. Yet, there are still gaps to bridge. Malnu-
trition exists in too much of the world. I com-
mend you on your continuing efforts to find

methods of raising nutritional levels by putting

protein-rich foods within the practical and eco-

nomic reach of people everywhere. To the oil-

seed industry, to representatives of the State

Experiment Stations, and our own Department
of Agriculture, I send best wishes for a fruit-

ful exchange of ideas and knowledge."

(Signed) Orville L. Freeman
Secretary of Agriculture

I am grateful because we have an excellent au-

dience, both in quality and in quantity. It is a tribute

to the importance of our Conference theme—and to

the program—that many of you have come from

distant places. I wish to give a special welcome and

best wishes to our friends from other countries.

These include about 20 individuals from Mexico,

Canada, Guatemala, El Salvador, Honduras, Brazil,

Kenya, India, Italy, Israel, Japan, and Thailand.

Many of you will recall that a Seed Protein

Conference, somewhat similar to this one, was held

in New Orleans, January 21 to 23, 1963. This was fol-

lowed by the Conference on Cottonseed Protein

Concentrates, January 15 to 17, 1964. The program

attracted excellent audiences and the Conferences

were highly successful. The period since these con-

ferences has witnessed many important changes

and much progress in oilseed processing and technol-

ogy. Much of this progress will be described here

during the next 2 days. We are fortunate because

Dr. Altschul, who played a major role in planning the

earlier conferences, is here to contribute to this one.

New Orleans is an appropriate location for

conferences on oilseeds for several reasons. For one

thing, the South is a major producer of oilseeds and

an exporter of vegetable oils. During the 5-year peri-

od of 1962 to 1966, this region of the United States

produced almost 11 million tons of oilseeds annual-

ly, representing about one-third of the U. S. produc-

tion of oilseeds. During this period, the South pro-

duced the following percentages of the U. S. pro-

duction: Cottonseed, 78 percent; peanuts, 89 percent;

Peanut Growers of Virginia-Carolina, Shellers of Virginia-Carolina; Growers & Shellers of the Southeast; Growers & Sheliers of
the Southwest; and manufacturers of peanut products.
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soybeans, 22 percent; castor beans, 79 percent; tung,

100 percent; and rice bran, 78 percent-.

Because our Conference is concerned with

farm crops, it is appropriate to mention the revolu-

tion in agriculture that means so much to all of us.

The principal results of this revolution have been

summarized in the April 30, 1968, report of Con-

gressman Jamie Whitten's House Committee:

"American agriculture is the most produc-

tive in the history of the world. The increasing

efficiency of our agricultural producers contin-

ues to contribute to the high standard of living

in this country.

"When this country was young, 90 percent

of the people lived on the farm. Most of them
had to produce their own food and fiber with

the plow and the hoe. Today, only 6 out of every

100 American workers are engaged in agricul-

ture. The 94 others provide goods and services

of modern living—manufacturing cars, TV
sets, washing machines, running banks, selling

insurance, building homes, fixing telephones,

working in hospitals and hotels, and rendering

other services, including our national defense

and international responsibilities.

"Thirty years ago, one person on the farm

supplied the food and fiber for 10 others. By
1960, this had increased to one person on the

farm for 26 others. Today, one farm producer

feeds and clothes about 40 persons.

"On the world's most efficient farms, out-

put per man-hour has been increasing some 6

percent per year—more than twice the rate in

industry. If farmers today used 1940 methods

of producing crops, it would cost an extra $15

billion a year to produce food and fiber for the

Nation. This extra cost would be passed on to

consumers, adding more than $6 a week to each

family's food bill.

"It now take so few of us to produce the

food, clothing, and shelter for the rest of us,

that the rest of us can provide the highest

standard of living ever known for all of us."

I cordially invite all of you to visit our Southern

Regional Research Laboratory, which is located at

1100 Robert E. Lee Boulevard on the lake front. The
Southern Laboratory is headquarters of the South-

ern Utilization Research and Development Division,

which conducts processing and utilization research

on cotton fiber, cottonseed, peanuts, citrus fruits,

rice, and certain other southern-grown crops. About
60 percent of the Division's total staff of 500 are

engaged in cotton research. About 18 and 6 percent,

respectively, of the total research effort are invested

in cottonseed and peanut research.

Over the years, we have benefited greatly from

the invaluable help and friendly cooperation of

many individuals and organizations. I wish to ex-

press sincere appreciation to everyone who has

provided assistance and encouragement in any

form. We are highly grateful to both our current

and earlier official advisers. Our current cottonseed

and peanut advisers are: V. K. Babayan, Stokley-Van

Camp, Inc.; Clyde M. Christensen, University of

Minnesota; John Ficther, Anderson Clayton & Com-
pany; Garlon A. Harper, National Cottonseed Prod-

ucts Association; H. J. Harwood, Durkees' Famous
Foods; Paul W. Ifland, The Procter & Gamble Compa-
ny; Karl Mattil, Swift and Company; John F. Molo-

ney, National Cottonseed Products Association;

Glenn A. Nesty, Allied Chemical Corp.; Robert F.

Patterson, Trenton Cotton Oil Co.; Edwin L. Sexton,

Corn Products Company; Leonard Smith, National

Cotton Council of America; Robert J. Vander Wal,

Armour and Company; Frederick D. Wharton, Jr.,

Monsanto Co.; Harold L. Wilcke, Ralston Purina

Company; Porter A. Williams, Hunt Foods & Indus-

tries, Inc.; and Karl T. Zilch, Emory Industries, Inc.

We are deeply grateful also to those organiza-

tions that have supported our oilseeds research by

providing either funds or fellows: Foundation for

Cotton Research and Education, Cotton Producers'

Institute, National Cottonseed Products Association,

National Cotton Council of America, National Bat-

ting Institute, Textile Fibers and Byproducts Asso-

ciation, Agency for International Development, and

the Pan American Tung Research and Development

League.

We are indebted to the Mississippi Valley Oil-

seed Processors' Association for valuable coopera-

tion, including the sponsoring of the annual Cotton-

seed Processing Clinic. The next Cottonseed Process-

ing Clinic will be held February 3 and 4, 1969.

It is helpful to have new products of potential

utility evaluated on an advanced scale and in an in-

dustrial environment. We are able to do this because

of splendid cooperation of our friends in other

organizations. We are naturally very grateful for

this invaluable assistance. Examples of cooperation

of this kind are:

Cottonseed protein isolate: Ralston Purina Co.,

St. Louis Mo. (Harold Wilcke).

Cottonseed protein concentrate made by the liq-

uid cyclone process: (Dorr-Oliver, Inc. ).

-Decossas, K. M.,Molaison, L. J.,Kleppmger, A. deB., and Laporte, V. L. Oilseed Trends in the South. Cotton Gin and Oil Mill Press
69 (7), 8, 11, 14,18. 1968



Pilot-plant operations: Cottonseed Products
Research Laboratory, Texas Engineering Experi-

ment Station, Texas A&M College, College Station,

Tex.

Confectioners' fats: Ranchers Cotton Oil Co.

(George Cavanagh).

Alumina bleaching of oil: Anderson Clayton &
Co. (Also Zig-Zag Separator experiments.)

Evaluation of cottonseed protein concentrates

and isolates by many organizations, including:

UNICEF, National Dairy, Carnation, General Foods,

Swift, General Mills, and the Coca Cola Co.

During the past year, our research, conducted in

cooperation with many organizations, has continued

to be profitable. Some of our research findings have

been adopted by other organizations and used for

practical purposes, and some of our developments

that were commercialized several years ago are being

used more extensively.

Progress in SURDD research was reported be-

fore scientific and industrial groups. Thirty-nine

patents were granted. The SURDD sponsored or cos-

ponsored 14 conferences which were attended by

almost 900 participants, exclusive of Division per-

sonnel.

Much time and hard work are required to ar-

range a Conference. As General Chairman, it has

been gratifying to receive outstanding cooperation

and assistance from many busy and important per-

sons, both in and out of our Division.

I wish to express appreciation to our visitors,

chairmen, and speakers for their valuable contribu-

tions to the Conference.

I hope all of you will enjoy and profit from the

Conference and your stay in New Orleans.



WORLD FOOD NEEDS

by

F. R. Senti

Deputy Administrator

Agricultural Research Service, USDA
Washington, D. C.

SUMMARY

"Recent analyses of the world food situation

present a more encouraging view of the capacity of

the world to feed itself, at least in the immediately

foreseeable future. Magnitude of the world prote-

in deficit as projected through 1975 to meet minimum
protein requirements is well within the capacity of

the world to produce. Expressed in terms of dry

skim milk powder this projected deficit is 4.3 million

tons about 140 million bushels as soybeans, or about

2.2 million tons of cottonseed protein concentrate

(70 percent protein) as produced by air classification

or liquid cyclone processing of solvent extracted

meal.

Much larger demand for food based on vegeta-

ble protein concentrates may be expected to develop

as income levels increase in the developing countries

and food demand generally increases.

Much has been written about the world food

situation. Projections to the year 2,000 have predict-

ed as much as a doubling or more of the world popu-

lation with the major part of that population in

countries that now have least capacity for food

production. Even for the shorter and more predicta-

ble period to 1985, world population is projected to

increase 40 to 50 percent and that in developing coun-

tries, such as India, is predicted to increase 60 to 80

percent.

Food supplies are now marginal in many of the

developing countries. Protein is one of the essential

nutrients which will need to be provided in greatly

increased quantities if future food needs in these

countries are to be met. In view of the contribution

oilseed proteins and particularly cottonseed protein,

can make in meeting world food needs, it may be of

interest to review the world food situation as pre-

sented in recent reports.

There have been pessimistic predictions on the

capacity of the developing nations to meet the chal-

lenge of feeding their growing populations. Indeed,

some have doubted the ability of the developed na-

tions to supply the deficits which are projected to

develop within the next two decades and to avert

famine by 1985. The Economic Research Service of

the Department has recently made an analysis which

relates to this question. The world food situation

for 1980 was projected on four different assump-
tions of rates of increase of food production in

the developing countries taken in relations to expect-

ed rates of growth in population. An attempt was
made in the analysis to relate rate of growth in agri-

cultural output to rates of growth of income and
this, in turn, to demand for food.

The rates of growth in population used in the

projections (table 1) were the UN population projec-

tions as modified by the Food and Agriculture Organ-

ization and used in their projection studies. (These

are the UN medium growth rate assumptions. ) The
projections assume that family management pro-

grams will not have much effect in the next 15 years,

but after that time their effects will be apparent in

some countries.

Table 1.—Projected population growth rates 1960

to 1980'

Item 1960-65 1965-7() 1970-75 1975-80

India

Pakistan

Net grain

exporters

Other LDC's

All LDC's

Pet. Pet. Pet. Pet

2.4 2.4 2.4 2.2

2.6 2,6 2.6 2.3

2.7 2.8 2.8 2.7

2.6 2.6 2.7 2.7

2.5 2.6 2.6 2.5

World Food Situation, ERS Report No. 35.



Table 2.—Annual rates of growth ' for LDC's in 1970-1980 under several alternative assumptions'

Item Pop. Historical trend Moderate improvement Rapid improvement

Prod. Consump. Prod. Consump. Prod. Consump.

Grain importing

LDC's 2.5 2.5 2.9 2.9 3.2 3.9 3.4

Grain exporting

LDC's 2.7 3.1 3.1 3.6 3.4 3.6 3.4

Total, all LDC's 2.6 2.6 3.0 3.1 3.3 3.9 3.5

' Difference between growth rates in production and consumption reflect influence of imports or exports.

World Food Situation, ERS Report No. 35.

Assumed growth rates in production and con-

sumption are given in table 2. For the "historical

trends" assumption, the rate of growth in the 1970's

was assumed to be the same as that in the 1954-66

period. For Historical Trend I, the growth rate in the

late 1960's was also taken to be the same as the 1954-

66 trend; for Historical Trend H, an increased rate

in the late 1960's was projected.

For "moderate improvement in production" it

was assumed that the less developed countries

(LDC's) will place greater emphasis on agricultural

development in the future, but a crash program was

not implied. Production was expected to grow at a

rate of 2.9 percent in the grain importing LDC's, 3.6

percent in the exporting LDC's and an average of 3.1

percent per year for all less developed countries.

Consumption in the less developed countries was also

expected to increase and exceed that projected from

historical trends such that grain imports will still be

required.

Under the assumption of "rapid improvement

in production" growth in grain production in the

importing countries would increase from 2.5 to 4

percent per year by 1975 and continue at that rate.

Average for the 1970's would be 3.9 percent per year.

Projections for the developed countries were

made on the basis of most likely rates in growth in

grain production assuming world market prices of

grains remain at about average levels of the past 3

years and that excess of production over consump-

tion would be withheld from the market, that is,

that grain stocks would increase.

The imports of grain into the developing coun-

tries and grains available for export from these

countries, which are projected under the four as-

sumptions, are given in table 3. Import requirements

of India and Pakistan projected for 1980 are sub-

stantially reduced as production rates are assumed to

increase. These countries would become nearly self-

Table 3.

—

Imports in grain for LDC's
projected to 1980'

(Millions metric tons)

Item Historical trends Improvement

I II Moderate Rapid

India 20.0 16.5 10.3 1.1

Pakistan 4.0 3.3 2.9 1.5

Other importing

LDC's 34.5 34.5 39.0 25.7

Grain exporting

LDS's -20.0 -20.0 -22.5 -22.5

Total imports 38.5 34.3 29.7 5.8

World Food Situation, ERS Report No. 35.

sufficient in grain under the rapid improvement as-

sumption of 3.9 percent annual growth in produc-

tion. Improvement is not nearly so marked for the

other grain importing LDC's for which the popula-

tion growth rate is assumed to increase in 1970-75.

Under the most conservative assumption for

production, the net grain deficit in the developing

countries in 1980 would be 38.5 million tons. This

takes into account a projected export surplus of 20

million tons within the LDC's. For comparison, net

imports into the LDC's in 1964-65 were 13.7 million

tons. Thus, in 1980 net imports are projected to be as

much as three times those of 1964-65.

It is projected that the developed countries will

have more than sufficient capacity to fill the projected

1980 deficits in the LDC's, including an estimated

deficit of 9 million tons in communist Asia.

As shown in table 4, the developed countries are

projected to have 77.6 million tons available for ex-

port beyond their own demands. This would provide a

world grain surplus in 1980 ranging from 30.1 to

62.8 million tons, or approximately 1 to 2 billion

bushels. For U. S. production it was assumed that

harvested grain acreage would be held at 158 million

in 1970 but would reach 186 million acres in 1980 in



Table 4.—Net availability of grain for

world projected to 1980'

(Million metric tons)

Table 5.—World agricultural production,

per'capita, 1960-67'

(1957-59 = 100)

Historical trends Improvement in production
Item IHriCi 19K2 1964 19rtfi 1967

1 11 Moderate Rapid
World

Developed countries

LDC's

102

103

102

103

106

102

104

108

103

104

112

98

107

Imports by LDC's

Imports by

Communist Asia

Available for

38.5 34.3 29.7 5.8
113

104

9.0 9.0 9.0 9.0
India

Other LDC's

105

101

101

102

105

102

89

102

104

103

export from

Dev. Countries 77.6 77.6 77.6 77.6
World Agricultural Situation, ERS Report No. 38.

World surplus 30.1 34.3 38.9 62.8
J- -.j.:i 1. .-

World Food Situation, ERS Report No. 35.

absence of acreage restriction programs. For com-

parison, harvested grain acreage was 150 million in

1964, but averaged 184 million in the 1958-60 period.

(Based on 1966 production, U. S. production would be

assumed to increase about 4 percent per year; that in

the other developed exporting countries about 2.3

percent per year.

)

The recent analysis of the Economic Research

Service is reassuring on the capacity of the world to

avoid famine in the next two decades and to provide

time for both agricultural development and popula-

tion control to become effective. We may ask, how-

ever, for evidence that the historical trends of pro-

duction increases can be maintained in the develop-

ing countries, or that these rates of increase can be

improved. The severe drought in India in 1965 and

1966 and the resulting critical food situation in Bi-

har and Uttar Pradesh have received much publicity.

The situation in India was markedly changed in 1967.

Grain production increased about 20 percent over

1966 and was a record high. Production in other less

developed countries also increased on both a total and

a per capita basis. The trends in the per capita grain

production in the LDC's, developed countries, and the

world are given in table 5 for 1960-67. Over the past

10 years, per capita grain production in the developed

countries has improved 13 percent whereas that in

the less developed countries has improved 4 per-

cent.

Much of the increased production in India and

the LDC's in 1967 can be attributed to favorable

weather conditions. Other inputs, however, are re-

ported to have had significant effect. High yielding

varieties or rice developed at the International Rice

Institute in the Philippines, and wheat varieties

developed at the International Maize and Wheat
Improvement Center in Mexico have been introduced

into Asia. These are estimated to have increased

grain production by several million tons. The new

traditional varieties and may outyield them by a

multiple of two or more. This dramatic perform-

ance accounts for their rapid acceptance. An esti-

mate of 16 million acres has been reported to be

planted this year to new varieties (including corn and

sorghum) in India, Pakistan, the Philippines, Af-

ghanistan, and Turkey, with the expectation that the

acreage could double next year.

Fertilizer usage also has increased. India's im-

ports of 1.5 million nutrient tons of fertilizer in

1967 were five times the 1964 imports. In addition,

five new fertilizer factories were completed in In-

dia in 1967, adding about 300,000 tons of nitrogen

producing capacity and bringing India's capacity up

to about 900,000 nutrient tons. Additional capacity is

under construction.

It has been reported that the Philippines expect

to be self-sufficient in rice in a year or so; Turkey
may be self-sufficient shortly thereafter. Pakistan

and India are moving rapidly to narrow the gap be-

tween food consumption and food production.

The marked improvement in the past year in

food production in several of the LDC's is most
encouraging and, barring unusually adverse weather

conditions, it would appear reasonable to expect per

capita production to continue to improve in many of

the LDC's in the next two decades. There is, however,

much need for improvement if the countries are to

attain dietary levels comparable with those of the

developed countries. A review of reported food con-

sumption levels compared with standards set by nu-

tritionists provides an indication of the problem.

Table 6 presents estimates made by FAO on the

calorie consumption in 1962 for the less developed

regions of the world and compares these with their

estimates of requirements. It will be noted that ex-

cept for Latin America, all other less developed re-

gions have a calorie deficit compared with physiologi-

cal needs. This deficit ranges from 2 to 9 percent.

In this connection, it should be noted that the

World Food Panel of the President's Science Adviso-



Table 6—Levels of consumption and requirements
ofcalories for 1962'

Table 7.—Food situation in less

developed countries, 1959-1961'

Area Calorie

Consumption Requirement

Consumption

requirement
Item Available

Kcal/dav

Calorie

deficit

(Jrain to till

deficit

—Kcal/capita/day

—

Pet.

Latin America 2,540 2,400 106

Central America 2,160 2,330 93

Africa 2,210 2,260 98

Near East 2,190 2,330 94

Asia and Far East 2,080 2,230 93

India 2,030 2.240 91

Paltistan 2,100 2,250 93

' United Nations Advisory Committee.

ry Committee (PSAC) revised downward the FAO
estimates of calorie requirements for India, Paki-

stan, and Brazil, the three countries for which the

Panel analyzed calorie requirements in detail. Basis

for adjustment was lower body weight in these

countries than FAO assumed. India's requirements

were revised to 1936, Pakistan's to 1,836, and Brazil's

to 2,164 Kcal/capita/day. On the basis of the revised

requirements, India and Pakistan had sufficient

food to meet their needs in 1962. Food availability,

however, is generally estimated at retail level, and
losses may occur between the retailer and the con-

sumer. Magnitude of this loss is difficult to estimate.

The Economic Research Service of the Department
in preparing the World Food Budget, 1970 (Foreign

Agricultural Economic Report No. 19), estimated

these losses to be 10 to 12 percent. Calorie deficits

expressed in grain equivalents as calculated for

1959-61 by ERS are given in table 7. As indicated in

this table, ERS set the calorie requirement for India

and Pakistan at 2,300 Kcal/capita/day. This figure is

25 and 19 percent, respectively, above requirements

as estimated by the PSAC World Food Panel for

these two countries, and these figures are about twice

the allowance for losses above FAO standards. If

only 10 percent were included for losses, above

PSAC requirements, no food deficit would have been

calculated for India and Pakistan in 1959-61. The
total grain deficit for the less developed countries

would then have been estimated at about half the

value in table 7, or about 11 millon tons.

Let us examine the protein situation in more
detail. The PSAC World Food Panel made estimates

of projected average per capita daily protein needs

based on an analysis of the composition of the pop-

ulation by age group, sex, and actual body weight.

Their estimated protein requirements per capita per

day were lower than FAO requirements which were

1,000 M tons

India 2,060 240 11,400

Pakistan 2,120 180 1,800

Net grain

exporters 2,480

Other LDC's 2,310 160 11,500

Total or average 2,230 170 24,700

Based on World Food Budget, 1970 (GAER #19, ERS).

based on FAO "Standard" body weights. Table 8

shows PSAC World Food Panel projected require-

ments for India. The entry for 1965 under the High

Population estimate, 60.4 g/capita/day, is the FAO
estimate; the PSAC Panel estimate for India for

1965, 48.3 g/capita/day, appears on the Low Popula-

tion estimate, and on this basis India, on the average,

had adequate protein. All other entries in the table

are PSAC Panel estimates based on actual body
weights, assuming a 3 kg. increase per decade.

In projecting food needs to 1985, the PSAC
Panel reported that protein needs would also hefilled

ifcalone needs in the less developed countries were

met by increased production of the foods now con-

sumed, maintaining these foods in the same ratio as

currently supplied. Indeed, as shown in table 9, there

would be 6 to 15 percent more protein than required

in Brazil, India, and Pakistan, and 12-to 13 percent in

the world under these circumstances.

Table 8.—Projected protein needs

for India to 1985'

(G./capita/day)

Year Protein needs

1965

1970

1975

1980

1985

48.3

53.3

56.5

56.6

58.6

PSAC Report.

-Based on actual body weights.

But what is the situation in the rest of the

world? Another group has recently considered these

problems in detail. The United Nations Advisory

Committee on the Application of Science and Tech-

nology to Development has recently issued a report

on the protein problem and has made a projection to



Table 9.—Projected protein surplus

as percent of requirements'

Year Brazil India Pakistan World

1965

1970

1975

1980

1985

8 8 13 13

8 10 15 12

6 8 14 12

6 8 14 12

6 8 13 13

If calorie requirements are met with foods similar to those
available in 1959-61. High Population Projection. PSAC Re-
port.

1975. This Committee considered the situation by

regions of the world and by countries within those

regions. Thus on the average a region may not have

deficits, but countries within those regions do. They
assume an average per capita protein requirement

of 54.6 g. in the developing countries slightly less

than the PSAC Panel estimate for 1975 for India.

They increased this value by 15 percent (to 62.8 g. ),

however, to allow for uneven distritubion in the

population. Under these assumptions, the world pro-

tein gap as estimated by the United Nations Advisory

Committee is given in table 10. The UN Committee
expressed the deficit in terms of skim milk equiv-

alent. I have calculated the deficit in terms of tons

of cottonseed protein and soybeans. Because it is

promising as an edible product, I have chosen the cot-

Table 10.—Projected world protein gap,' 1975

Skim milk Cottonseed liquid Soybeans

powder equiv. cyclone cone. equiv.

Thousand M Thousand M
tons tons Million bu.

Minimum:

Actual 2,446 1,223 80

Projected: 1975 Low
Projected: GDP 2,756 1,328 90

Projected: 1975 High

Projected: GDP 1,807 904 59

Adequate:

Actual 3,365 1,683 110

Projected: 1975 Low
Projected: GDP 4,315 2,157 140

Projected: 1975 High

Projected: GDP 4,040 2,020 132

United Nations Publication E.68.XIII.2.

tonseed liquid cyclone protein concentrate as the cot-

tonseed product.

On a basis of the minimum average per capita

requirement for protein, the actual world deficit of

protein in 1961-63 was 2,446,000 M. tons of skim

milk. Projecting the consumption of foods as indi-

cated by predictions for food production and in-

come under the assumption that the economy will

follow the Low Gross Domestic Products projection

of FAO, the protein deficit would be 2,756,000 M.

tons in 1975.

Higher food production and better incomes and

resultant greater food consumption under the high

GDP projections reduces the 1975 projected deficit to

1,807,000 tons.

Compared to an adequate protein consumption

level, the 1975 deficits are larger; a maximum deficit

of 4,315,000 tons of skim milk equivalent is project-

ed on the assumption of "Low Gross Domestic Prod-

uct," as given in the lower part of table 10. These

deficits do not appear large compared to protein re-

sources now largely unused for food. In terms of

cottonseed protein concentrate (70 percent protein),

the deficits amount to about 2.2 million tons. Poten-

tially, about 10 million tons of concentrate are avail-

able from the 20 million metric ton world cottonseed

crop, little of which is now used for food. Similar-

ly, the deficit in terms of soybeans, 132 million bush-

els, may be compared to the world crop of 1.46 bil-

lion bushels or the U. S. crop of 1 billion bushels.

Additional amounts could be supplied from other

vegetable protein sources, such as peanuts and copra,

or by fish protein concentrates.

Although the revised requirements for calories

and protein as set forth by the PSAC World Food
Panel, and discussed above, decrease the magnitude

of the estimates of the shortage of food in the

world, there is, nevertheless, a substantial food

deficit in the developing countries. It must be empha-
sized that although countries such as Brazil, India, or

Pakistan which may have enough food on a national

average to just meet physiological requirements,

deficits exist in certain population groups because of

non-uniform distribution of the food supply. The
existence of malnutrition is evidence of this situa-

tion. The low income groups generally suffer most,

and within that group, children are^among the most
vulnerable to malnutrition. The major problem con-

fronting the developing nations is not onLv to pro-

duce more food to accommodate the growing popu-

lation and to eliminate losses in presently existing

production and distribution practices but, as impor-

tantly, to devise ways for getting food to those who
.need it most. The difficulty of this problem is dem-



onstrated by the situation in the United States. De-

spite our relatively high average income and high

average per capita food consumption (3190 calories

per capita in 1959-61 as compared to a requirement

of 2650), there remains a significant percentage of

our population with poor or inadequate diets. Pre-

ponderance of poor diets occurs in the low income

groups although income, per se, does not assure a

good diet.

The question is then: How is the best way to get

additional protein to children in low income

families? Will it be through fortification of flours,

or meals with oilseed proteins or other protein

concentrates? Through the development of new
food products and their sale in the retail market? By
government distribution— for example through a

food stamp program—of prepared child foods

such as Incaparina or CSM (corn-soy-milk)? Or would

the amino acid fortification of flour, meal, or whole

grains be more effective? The answer will vary with

specific countries, but in all cases it will be difficult to

reach those who need added protein most.

There is no doubt, however, that oilseed meals

and protein concentrates will have a role in improv-

ing diets in the less developed nations. Use of for-

mulated high-protein food supplements for child-

ren is increasing in the less developed nations. These

are now largely distributed under government-spon-

sored programs. A greater demand for these foods

will develop as average income increases in the deve-

loping countries and people in the needy group get

money to purchase these foods. Improvements in

agricultural production such as has occurred in some

of the LDC's is a requisite to the economic improve-

ment which will lead to use in income levels. With

improved income, a far wider marker for protein

concentrates will be opened. This will not be limited

to the gruels or beverages for child feeding, but

markets will then be open for vegetable proteins

for their functional properties as well as their nu-

trient contribution to a wide variety of foods for

the general population.



SESSION I: H. 0. Kunkel, College of Agriculture, Texas A&M University, College Station, Tex., Chairman

COMBATING MALNUTRITION: NEW STRATEGIES THROUGH FOOD SCIENCE

by

A. M. Altschul

International Agricultural Development Service, USDA
Washington; D. C.

INTRODUCTION

The outstanding characteristic of the world

food problem lies in the fact that underlying hun-

ger and malnutrition is poverty—worldwide poverty.

The following appears in the report of the Panel on

the World Food Supply of the President's Science

Advisory Committee:

. . . hunger and malnutrition are not primary "di-

seases" of the last half of the 20th century.

Rather, along with the so-called population ex-

plosion, they are symptons of a deeper malady
—lagging economic development of the coun-

tries of Latin America, Asia, and Africa, in

which nearly two-thirds of the people of the

earth now live. While our deliberations have
centered on the specific problem of the food

supply, we have attempted to consider it in an
appropriate contest.'

When poverty limits total food supply, we ap-

proach famine. And when poverty limits the quality

of food, we encounter malnutrition. Of course, the

real life situation contains some of both—hunger
and malnutrition.

However, recent events have given some reason
for optimism. Lester R. Brown, administrator of

USDA's International Agricultural Development
Service, recently pointed to recent gains in world
food production. India's crop this year will approach
100 million tons; there is a surplus of corn in Kenya
for the first time; the Philippines are approaching
rice self-sufficiency for the first time in a half a

century. In all, food production gained some 6 per-

cent in the developing nations this year.

Certainly, good weather was a major contributor

to these production gains. But a new emphasis on

agriculture by the developing nations, and rapidly

expanding acreages of new high-yielding varieties

of wheat, rice, and corn were also major factors in

what AID Administrator Gaud calls a Green Revolu-

tion.

No one believes we are near a solution to world

food problems, nor that recent food gains reduce

the intense need for population control. But, these

production increases do buy a little more time during

which some of the necessary ingredients of eco-

nomic development can take hold, putting the so-

called Green Revolution on a self-sustaining basis.

Moreover, we still are left with the problem of

malnutrition resulting from inadequate quality of

food. A major factor in quality is the protein con-

tent of the diet.

Classical Approach to Food Quality

The classical approach to higher food quality

has been to add more meat, milk, and eggs to the diet.

But animal protein is relatively expensive in food-

short, low-income nations. Quality of the diet falls

off badly with intensity of poverty.

Figure 1 shows the relationship between income

and supply of animal protein per person. It is ob-

vious that, in general, intake of animal protein in-

creases with income.

The World Food Problem. A Report of the President's Science Advisory Committee, Report of the Panel on the World Food Supply.
Volume 1, p. 1. May 1967.
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INCOME AND SUPPLY OF ANIMAL

PROTEIN PER PERSON
Selected Countries

DAILY ANIMAL PROTEIN SUPPLY (GRAMS)'

60
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Argentina

1 Tanganyika

2 Communist China

3 India

4 Nigeria

Brazil
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United Kingdom

• E. Germany

• USSR

Switzerland

200 400 600 800 1,000 1,200 1,400
ANNUAL INCOME ($)

U. S. DEPARTMENT OF AGRICULTURE NEC. ERS 2246-63 (8) ECONOMIC RESEARCH SERVICE

Figure 1.—Relationship bet^veen income and supply of

animal protein per person.

Figure 2 shows the percentage of grain made
available for animal production of societies of

differing incomes. Note the wide range in the amount
of grain used for livestock — from 1 percent to 80

percent of the supply. Projections for 1980 show no

marked improvement in the amount of available

grain in the developing countries (table 1.)
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Figure 2.—Percentage of grain made available for ani-

mal production for societies of differing in-

comes.
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Table 1.—Estimated per capita consumption
of cereal grains in 1980'

Countries Kg. per capita

Less developed CDiDitrles

India 186

Pakistan 194

Other less developed counti'ies

(excluding grain exporters) 190

Net grain exporters 255

Developed coinitries-

United States 856

Developed exporters

(excluding United States) 599

Other developed Western world 610

Eastern Europe plus USSR 590

Communist Asia 195

Average:

Developed 658

World 299

Less-Developed Countries 195

Modified from: World Food Situation, USDA/FAER No. 35,

table 10. (Based on: Rapid improvement in production—more
emphasis on agriculture in less developed countries.)

-The estimated per capita consumption is not shown in the orig-

inal table 10; these figures are calculated from data in this

publication.

One obvious approach to improving quality is to

increase per capita income. This, in time, would cer-

tainly improve the quality of diets, although the

limits of improvement would depend on population

densi1»y. No matter what the income, limits of land

area will force man to compete with animals. It

seems now that we will be unable to rely solely on

increased incomes for improvement in diet quality.

New Approaches to Food Quality

The proper question that we can ask is: "CAN
WE INCREASE FOOD QUALITY FASTER THAN
INCOME?" An affirmative answer depends upon

creative innovations in improving food quality

—

this is the major concern of this paper.

The purpose of innovations in new foods might

best be described as in figure 3. The lower region

shows the range in the effect of income on food

quality as achieved by conventional methods. Some
nations are more adept at producing and distributing

their food supply than others; therefore, some na-

tions reach better quality at lower incomes. These are

in the upper part of the shaded region. Effective

conventional means might include more efficient

animal production, extensive incorporation of leg-

umes in the diet, or be a result of better use of pro-

OBJECTIVE OF NEW FOOD SYSTEMS 1

NEW FOOD SYSTEMS ^^"^'^ ^^^^^^

QUALITY OF y^^^^^
FAMILY DIET X ^^^^^^^^ONVENTIONAL

X ^^^^^^^ FOODS

/ j^^^^

.

/ ^^^^ REQUIREMENTS

INCOME
BN 32223

Figure 3.—Objective of new food systems.
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tein from the sea. The upper line would be the limit One of the problems with general fortification

of improvement that can take place if, in addition is that some people who perhaps do not need im-

to all this, we utilize the best food technology' availa- proved protein quality will also get the fortified

ble. material. Thus, the cost of improving food for the

If we include both conventional and new ap- needy segment of the population—preschool child-

proaches to improving food quality, we have the list ren and others who need protein quality—must also

of food quality options as shown below. These include the cost of taking care of those who may
divided into two classes: 1) Total upgrading of na- need it.

tional food supply by improving quality of major In discussions of this type, we often focus on

cereals; 2) developing new foods, either by fortify- special groups especially those needing protein

—

ing existing foods or creating new protein foods. young children, pregnant and lactating mothers, and

others. But, is it possible that even adults in poverty

Conventional animal foods Conventional legumes areas can benefit greatly from protein-improved

Extended milk foods New Protein beverages diets? I have always wondered about the difference

Cereal-protein mixtures Genetic improvement between our society, using about 12,000 to 13,000

Fortified cereal foods of cereals plant calories to manufacture the 3,000 calories or

Textured protein foods so that we consume each day, and the developing

Mandatory fortification of cereals countries where a total of only 2,000 to 2,500 plant

calories are available. Is the difference all luxury, or

Upgrading National Food Supply does some of it contribute to our ability to compete

—our abilitv to undergo stress?

J^enrst of these options may be accomplished
^^e major issue of general fortification, then,

by breedmg for higher protem content or quality, by
j^ economic. What benefits can we expect for this

fortification with amino acids, or by some combina-
^^^^^^, ^.^-^^ ^^^^^^ ^^e total population as compared

tion of genetic and cultural evolution. Wherever
^^ ^^^^^^^^ ^^^^^^^^ ^^, ^^^, ^^^^^. procedure? This is

fortification IS practical, vitamins and minerals can
^^^ ^.^^ ^^ information decision-makers need,

be added as well as aniino acids. _ r^^^^. ^^^^ ^j^^ ^^^-^^ ^^.^^ p^^.^ ^^^, g^^^^^l ^^^^^1
For societies with a serious, widespread protein improvement and how can government best contrib-

problem, general improv-ement of the cereals holds
^^^^ ^^ improving diets this wav.

the greatest promise. Where breeding has not yet

achieved genetic improvement, addition of amino New Foods
acids is now practical. The ingredient cost of protein

improvement by fortifying with lysine is 2 to 5 per- The second approach involves new foods. One
cent of the cost of grain calories. This is possible way is to improve conventional foods now on the

because of the new low cost of lysine; the prospect commercial market— bread, for example. These are

for complete fortification improves with the proba- new foods in terms of their new nutritional proper-

bility of lower costs of threonine and tryptophan. ties.

Some examples of the ingredient costs of fortifi- This is volufitary fortification. People can de-

cation are given in table 2. cide whether to buy them or not. The decision to en-

Table 2.—Absolute costs of cereal fortification with amino acids

Cereal Cost per

metric ton

Dollais

Wheat flour + 0.2 percent lysine 4.40

Whole wheat + 0.1 percent lysine 2.20

Maize + 0.1 percent lysine 2.20

Milled rice + 0.0.5 percent lysine 1.10

Maize + 0.3 percent lysine

+ 0.07 percent DL-tryptophan 13.61

Milled rice + 0.2 percent lysine

+ 0.2 percent DL-threonine 34.47

Assumed costs:

L-lysine $1.00 pound

DL-threonine .$7. .50 pound

DL-tryptophan $4.54 pound
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courage such a development is not as complex as gen-

eral fortification and might be more easily achieved

in certain situations.

New )tonco)tve)ttio)uil foods include beverages

—either the extended milk type or entirely new ones

—from low cost sources such as oilseed or Hsh prote-

ins. Most of these new foods will be available first

to people who probably do not need them. This is a

basis for some criticism. But others argue that the

first thing to do with a new food is to establish it in

the marketplace, then extend it to needy

groups.

This leads us to the concept of a partnership

between private enterprise and public distribution.

Incorporation of commercially viable foods into

institutional programs begins to satisfy both needs

— it puts new, acceptable, attractive foods on the

commercial market and it makes them available to

people unable to afford them.

Actually, the entire spectrum, from general

fortification or genetic improvement of cereals to

new foods is a continum of foods differing neither

in principal nor design. They all must make economic

sense: where they cannot be afforded by those who
need them most, government must assist by provid-

ing them through institutional channels.

aid's High Protein Foods Program

Our particular effort has been to develop models

of what can be done, evaluate these models in terms

of their ultimate impact, and expose them to evalua-

tion by others. Private enterprise has a particular

role in this. The food industry has the technical ca-

pacity to make new foods, it has management exper-

tise, and it has investment capability. Therefore, we

have urged private enterprise in the United States

and other countries to become more heavily involved

in developing new foods or in developing additives

that can be the basis for fortifying new foods.

Out of this came a program developed and fi-

nanced by the Agency for International Develop-

ment design to encourage food companies with cer-

tain technical capabilities to investigate the possibili-

ties of developing new foods in protein deficient

countries.

The experimental 3-year AID program calls for

about six companies a year to be financed. The com-

panies involved the first year are Pillsbury (protein

beverage for El Salvador), Monsanto (soybean

beverage for Brazil), Swift (soybean foods for

Brazil), Krause Milling (fortified corn food for

Brazil), International Milling (high protein wheat

fractions for Tunisia), and Dorr-Oliver (cottonseed

protein concentrate for India.) An equal number, or

perhaps a few more, is being considered for 1968.

There seems to be no question of having enough in-

terest to complete this program.

We are now approaching the next stage in deve-

loping new commercial foods: Investments in new
facilities to industrialize some of the models deve-

loped by these companies the first year.

The kinds of foods that are being talked about

and the sources of protein are given as follows:

Food Protein source

Conventional foods

Extended milk products

New protein beverages

Textured protein foods

Cereal protein foods

Normal cereal foods

Other new protein sources

not yet in food products:

Meat, milk, fish, eggs, cereals, leg-

umes

Milk, oilseed protein, amino acids

Oilseed protein, amino acids

Oilseed protein

Cereals, oilseed protein, fish protein

concentrate, legumes, dry milk,

amino acids, high protein, wheat

fractions (Cassava)

(High yielding varieties)

Microbial protein, genetically im-

proved cereals, protein from

green plant tissue

In addition to conventional protein sources, pro-

tein from oilseeds, particularly soybeans, is now
being regularly incorporated into commercial foods.

In some foods, proteins from other oilseeds such as

cottonseed and sesame are being considered, as well

as from fish protein concentrate. Amino acids, such

as lysine and methionine, are regularly being added

to plant foods—particularly methionine in soybean

foods and lysine in cereal foods.

Although we might expect in the future to be

able to get protein from microorganisms grown on

petroleum and perhaps protein from green plants,

neither of these as yet has been put into any estab-

lished foodstuffs.

The foodstuffs listed in parentheses in the con-

ventional and new protein sources have an opposite

effect to that desired. The higher yielding varieties

of grains generally have lower protein content.

Wherever higher yield results in higher per capita

supplies, the chances are that there will be no lower-

i)ig of protein consumption. However, if quality

begins to be sacrificed to quantity, compensating

methods of upgrading quality must be employed.

Similarly, increasing the inc9rporation of cas-

sava in breads and other foods increases calorie

supply but reduces protein. Some means must be

found to compensate for this.

Two New Foods

Two recent spectacular developments in new
foods—a bread and a beverage—are already making
an impact on diets.
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The Indian Government is establishing modern

bakeries in its major cities with the aid of Australia

and Canada, under the Colombo Plan.The first two,

in Bombay and Madras, are operating. Bread from

these bakeries is fully fortified with vitamins, min-

erals, and lysine. The government subsidizes the cost

of fortification with vitamins and minerals. A
grant of 20 tons of lysine for the initial fortifi-

cation has been supplied by the Dutch Government.

The eventual production goal is 100 million loaves

yearly.

This, in itself, is a very small addition to Indian

nutrition and probably at first reaches only people

who have less need for better nutrition. But the

bread is sold out daily and is becoming an established

market item. It is being repackaged by some profit-

eers and sold by the slice. More important, competi-

tors are now fortifying their bread. This is an im-

portant first step in reaching those needing higher

quality diets.

The second major development this year is the

test marketing on commercial scale by Coca-Cola

Company of a chocolate-flavored soybean called

"Saci" in the Rio de Janeiro area. This beverage, with

3 percent protein, contains added vitamins, is stable

without refrigeration, and showed good acceptance

in its first test month.

Vitasoy, enjoying 25 percent of the soft drink

market in Hong Kong, can be credited with stimulat-

ing much interest in new commercial protein bever-

ages.

We can expect that several more beverages will

appear on the market before the end of this year.

Secretary of Agriculture Orville L. Freeman has

been so encouraged by these developments that he

suggests that developing countries set a goal of 1 bil-

lion extra cups of new protein beverages per day by

1970. This is equivalent to about 2 million tons of

additional protein a year.

The Family Nature of Food Distribution

How may we assess the value of any food

achievement or proposal? How do we assess the value

of general fortification? Or, how do we assess the

value and promise of new foods such as Modern
Bread or Saci?

In answering these questions, we must remem-
ber the family nature of the food distribution sys-

tem. This is illustrated in figure 4 which presents a

speculative discussion of alternative ways of

improving the nutrition of, let us say, the youngest

child in the family. This child is assumed to be suf-

fering from inadequate protein quantity and quali-

ty. There are three general ways in which this can be

changed:

A PROBLEM

MORE OF THE SAME

(Entire Family

MINIMAL

REQUIREMENTS

ECIAL PROTEIN FOOD
(Entire Family)

Figure 4.—The protein problem as a family problem.
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The Jirst is simply to increase the supply of all

the food reaching the family. This would mean that

the child would eat better; but so would everyone
else. Even if the child's health is improved, the cost

would include the excess of food eaten by the entire

family while providing an adequate amount for the

child.

Another approach illustrated in figure 4 is to

provide the family with special quality foods with

which to supplement their regular diet. Here again,

everyone eats better and so does the child. Everyone's

nutrition is improved as well as the child's. Here
again, the cost includes that of the excess food re-

quired for the family.

A third alternative is to provide, through a baby
food, only the child's requirement. This can be done
only by feeding the child away from his family

environment—either with a school lunch or in a spe-

cial child feeding program. Baby foods for home
feeding have real meaning only in a family with

enough food, so that additional baby food actually

goes to the baby.

Hence, the cost of helping the child depends on

the distribution of new food to the family. If the

child's problem can be solved by fortifying existing

foods, then the cost of the excess food to the rest

of the family may be least of the alternatives.

Demonstration of Value

Everyone agrees that the value of the various

food programs must be demonstrated. This applies

to new food programs, fortification, as well as oth-

ers. It also applies to existing efforts such as school

lunch and child feeding programs.

There have been some attempts to measure and

demonstrate the value of various food programs, as

well as some medical and public health measures, by

studying carefully a group of similar villages in a

country and comparing the results over a period of

years.

There also have been attempts to study school

populations, over shorter periods, after participat-

ing in a food program. One ambitious and elegantly

planned program supported by the National Institute

of Health under contract to the Pan American

Health Organization is now underway in Guatemala.

It is being conducted at the Institute of Nutrition

of Central America and Panama. Its purpose is to

demonstrate the value of feeding programs on

mental development.

But some evidence and opinion is developing

that all but very long term epidemiological studies

will fall short of actually demonstrating the value

of feeding programs; that short-time studies are

uncontrollable; that many factors interact to mini-

mize and diversify the effect of the input that one is

seeking to measure.

Moises Behar stated this point in a discussion of

the effects of Incaparina. His colleagues at INCAP
have demonstrated some benefits of improved nutri-

tion in village studies, but only after long periods.

Richard Barnes and his Cornell associates suggested

recently that this was not the approach to a careful

study of the effect of nutrition on mental develop-

ment.

It is clear that even if demonstrations succeed,

they are a most difficult and expensive operation.

Perhaps over 25 years, an effect of improved nutri-

tion might turn up; but, except in dramatic instances,

the changes are not so easily marked.

Another approach that has been urged is three-

fold:

1. Determine what might be expected to happen

on the basis of clinical experience.

2. Try to estimate the possible impact of a par-

ticular improvement from observations on

the distribution of food amongst the popu-

lation and within the family.

3. Inaugurate the new program on a tentative '

basis. Continue clinical measurements to re-

fine the information and get a better view of

what might be expected to happen. Watch
carefully the distribution of the new or

fortified food, so as to be able to calculate

its impact. And arrange for long term obser-

vations to determine whether one can mea-
sure long-term improvement.

The Dynamics ofNew Foods

New foods and fortification programs should
be introduced wherever they make a priori sense on a

te)itative basis, and watched carefully by all possi-

ble means until it is clear that they are making sense

or that they should be changed. The alternate of

being absolutely sure before anything is done might
postpone useful work for generations. This is not

the kind of an approach that will be tolerated by
responsible government oflficials.

Four Generations

Nutritional improvements have envolved as

needs and resources required. We may look upon the

development of new protein foods in terms of

four generations. These are described below:
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Generation Description Example
Commercial Institutiona

market programs

Dry skim milk yes

Incaparina yes

CSM no

BalAhar (India) no

Pro Nutro (S. Africa) yes

Vitasoy yes

Saci yes

Kaira baby food

(prepared in India)

Modern Bread
(Bombay)

yes

yes

yes

yes

yes

yes

no

no

yes

yes

1 Some present

commercial

foods

2 Designed pri-

marily for

low cost

nutrition

3 Designed pri-

marily for

acceptance

Nutrition second

consideration

4 Improved nutri-

tion of an

acceptable

food

Thejirst generation was non-fat dry milk dis-

tributed in large quantities shortly after World War
II. A commercial product, it was fed rather widely.

The second generation came when the milk sup-

ply was reduced. Then, Incaparina was designed as a

plant protein food with comparable nutrient impact

to the milk food. Incaparina was designed primarily

for its nutritional impact. Similar foods designed

on that basis were Pronutro of South Africa; CSM
(a mixture of corn-soy-milk) which is part of the

U.S. Food for Freedom Program; and Bal Ahar, a

vegetable protein mixture, designed particularly for

India. Two other foods of this type were designed

for Lebanon and Haiti. Two of these products are

now being tested for commercial viability— Inca-

parina in Guatemala and Colombia, and Pronutro in

South Africa and some other African countries.

The third generation might be foods designated

primarily for acceptability but also nutritious. Such
foods would be the beverages Vitasoy and Saci, a

baby food in India, the new beverage for El Salva-

dor, or the fortified noodles designed for Tunisia.

These may not have all of the nutritional qualities

desirable; the emphasis has been on acceptability.

They are being tested first in commercial programs
and may also be tested in institutional programs.

Finally, the fourth generation might be accept-

able foods whose nutrition may be improved by
changes in composition. Such is the Modern Bread
of India which is improved by fortification with
vitamins, minerals, and Ivsine. One can see an inter-

changeability between generations 2 and 3 as well as

between generations 3 and 4. So we consider the proc-

ess of developing a new spectrum of foods as a se-

ries of steps, not necessarily always in the same
direction. At one time acceptability may predomi-

nate, while nutrition dominates in other cases.

CONCLUSION

The food problem will not be solved all at once

or by any one procedure. No one company should try

to be the total hero nor should any one food under-

take to fulfill the complete function of improving

nutrition. People now diversify their diet whenever
they can. It is in controlled diversification, by taking

advantage of the best of food science, that we can

make it easier for more people to get quality foods.

If these concepts have validity, they should ap-

ply equally wherever there is poverty. There are no

national boundary limitations nor are these limited

to foreign countries. Those who have responsibility

for problems associated with domestic poverty may
wish to assess programs developed for foreign

countries for their relevance to our own domestic

situation.
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UNICEF POLICIES AND PROGRAMMES IN PROTEIN-RICH FOODS
by

M. Milner

United Nations Children's Fund, United Nations, N. Y.

As a first year graduate student, I "sat at the feet"

(to use the classical phrase) of a famous protein

chemist of the time, Ross Aiken Gortner. I vividly

recall his rationale of the apparently cyclic or recur-

ring nature of ideas in science, in a manner which to

some would appear as capricious as the oscillations in

women's fashions, such as from mini to maxi and
back again. He made the point that scientific thought
and discovery do not really move in a full circle to a

point of identical orgin, but rather in the form of

an ascending spiral, in a manner which permits ex-

amination or evaluation of previous scientific in-

sights and apparent truths from a new and higher

vantage point made possible by the accumulation of

fresh knowledge and experience gained in the inter-

im.

In a manner of speaking, we have already com-
pleted such a cycle or spiral of progress in our con-

cepts or understanding of the protein food prob-

lem. I would like to think that the experience of the

past 10 years in this field has given us greater in-

sights and more effective directions than we had at

the beginning.

My story begins with recognition some 15 years

ago by the United Nations agencies, UNICEF, FAO,
and WHO that protein deficiency in the diets of

children of many countries might be a major cause

of malnutrition, and thus a threat to their growth
and development, and even survival. It was further

foreseen that as committed as the agencies were to

assisting developing countries to expand the produc-

tion of the protein food which merits first priority,

namely, milk—through improvement of dairy in-

dustry and milk conservation— it was clear that in

tropical environments where malnutrition problems

are most severe, this route would never grow fast

enough to meet the needs. Thus was born the

FAO/WHO/UNICEF protein-rich foods pro-

gramme, which has sought to identify and stimulate

the use of alternative sources of protein and exist-

ing protein supplies, for supplementing the diets of

young children. Concurrently the

WHO/FAO/UNICEF/Protein Advisory Group was
organized; members appointed by the three agencies

provide guidance on the nutritional and safety as-

pects of the programme.
It should be emphasized that the agencies draw

liberally on the time, talents, and resources of scien-

tists, technologists, and institutions, both public and

private, all over the world in support of the pro-

gramme. One of these is the Agricultural Research

Services of the U.S. Department of Agriculture.

Scientists of the Southern, Northern, and Western

Regional Research Laboratories have for years

given generously of their time to help us with our

problems. The laboratories have provided advanced

training to many technologists from developing

countries through UNICEF-sponsored fellowships.

UNICEF responds to specific requests from
governments for assistance in fields that lie within

the guidelines established by the UNICEF Executive

Board. There are no UNICEF programmes as such

but rather government programmes assisted by

UNICEF. In the nutrition area, UNICEF's help to

dairy plant development has involved 216 plants in 43

countries. In some cases the government operates

these plants departmentally but frequently authori-

ty is transferred by the government to a local mu-
nicipality or a farmers' cooperative.

Before 1963 most of our efforts to assist

governments in food conservation programmes oth-

er than those involving milk, followed essentially

the milk pattern, although it was recognized that a

government might appoint commercial contractors to

carry out its objectives for the project. This was the

case, for example, in India where negotiations with

the government initiated in 1959 led to provision by

UNICEF of key equipment for the small-scale

commercial production of edible peanut flour in the

plants of two commercial firms designated by the

government. While it was emphasized at that time

that a successful UNICEF-assisted project to pro-

duce an indigenous protein concentrate or food

would hopefully serve as an example for commer-
cial groups to follow, we did not recognize clearly

the many problems in commercial marketing of the

product or mixtures.
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Beginning in 1963 our projects began to carry the

requirement for a commercial marketing compo-

nent. This emphasis on long-range impacts and local

solutions to protein food deficits was stimulated by

a realization beginning in 1962 that supplies of sur-

plus dry skim milk from United States and other

donor countries which UNICEF and other agencies

were distributing for the emergency feeding of

infants and children, might be exhausted at an ear-

lier date than has been anticipated when these relief

programmes began. About the same time UNICEF
and FAO began to recognize clearly that few, if

any, governments of developing countries have the

resources to commit themselves on a regular or long-

term basis to provide in any effective way for the

nutritional needs of low-income vulnerable seg-

ments of their populations.

One cannot overemphasize the significance of

government initiatives and convictions in the form

of pragmatic policy with budget support, that the

improved nutrition or infants and pre-school child-

ren is a basic component of public health policy as

well as an important factor in economic and social

development. Nevertheless the involvment of the

commercial sector in the processing, marketing, and

distribution of foods gained recognition as a vital

component of any effective long-rang programme
aimed at alleviating malnutrition, particularly in

urban and periurban populations.

The slow progress of several FAO/UNICEF
assisted projects initiated after 1963 further em-
phasized the need to strengthen these concepts in

project development. Our attempts to revise a project

in Nigeria for local manufacture and distribution

of a weaning concentrate based on peanut flour and

skim milk so that government procurement and dis-

tribution would be supplemented by an effective pro-

gramme of commercial marketing, did not succeed.

A similar but apparently better organized effort in

Senegal which involved a commercial firm from the

beginning, has failed primarily because of insuf-

ficient or misinterpreted initial marketing and feasi-

bility surveys.

Early in 1967 acknowledgment of these prob-

lems led to new FAO/UNICEF recommedations for

programme implementation involving normal com-
mercial practices which would hopefully stimulate

sustained, market-oriented, processed food distribu-

tion and consumption.

We proposed that the following steps or phases
in the development of these programmes should be
completed with positive results before UNICEF
funds are committed for plant equipment:

(a) Local examiyiation or mixtures. Assuming
government interest, and adequate evidence

of local availability of food commodities

suitable for production of weaning foods,

UNICEF would supply for local study small

quantities (500 kg.) of processed food proto-

types which has been approved by WHO on

the basis of clinically supervised acceptabili-

ty studies. The suitability of these products

would be examined by national public health

authorities, local pediatricians, and commer-

cial groups.

(b) Exploration of the market. With the ap-

proval and active interest of the govern-

ment, an extensive exploration of product

acceptability and market potential would be

initiated through a variety of channels uti-

lizing product in quantities of 10 to 50 tons

supplied by UNICEF. Favorable indication

would lead to initiation of Phase (c).

(c) Regular supply and promotion of market

(1) This step may require importation of

processed product sufficient for inten-

sive market promotion efforts, to pre-

cede local manufacture. It is hoped that

the World Food Programme and bilater-

al aid can be called upon to supply the

raw materials or the finished product

required. UNICEF would give favora-

ble consideration to a request for as-

sistance to promote sales.

(2) When local sales have developed to the

level where the profit break-even point can

be projected in 2 or 3 years, UNICEF is

prepared to put up funds for the pur-

chase of equipment, promotion, and
marketing.

Further consideration of the problems have

suggested the need for additional guidelines and

procedures to minimize risk of project failure and

to strengthen involvement of the commercial sector

in the manufacture and marketing of protein-rich

foods and fortified staple foods. Some of the

points we are now discussing include the following:

(a) The vital importance of pre-project feasibil-

ity surveys providing information on food

habits and socio-economic status of target

populations must be recognized and incorpo-

rated into project evaluation, planning, and

development to the maximum extent possi-

ble. Employing relevant talent and tech-

niques, such pre-surveys should provide in-

formation useful for (1) identifying the
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composition, physical form, packaging re-

quirements, and manner of preparation of

protein-rich weaning and supplementary
foods, as well as of enriched staple foods,

most likely to be acceptable to and purchased

by the needy population, and (2) the market-

ing and promotion strategy most likely to

stimulate rapid and widespread acceptance

and repeated purchase of the products inv-

olved, ensuring their commercial success.

(b) The need to emphasize to cooperating govern-

ments the necessity for early identification

and involvment of commercial firm(s) whose
food processing, market, and promotion
capabilities may be important to ensure the

success and effective impact of such pro-

jects.

(c) Development by FAO and UNICEF of a

guide list of criteria for use by govern-

ments in the selection of commercial "part-

ners" to carry out a Government/-
UNICEF/FAO programme. Among the desir-

able qualifications the first might be that the

firm should already have been involved in the

successful development and marketing of

food products; whether or not they have
been aimed at the low income group is of lit-

tle importance. Technical and managerial

competence are, of course, other essential

criteria. Presumably governments should be

encouraged to consult with UNICEF/FAO
who deciding on the selection of the commer-
cial firm.

(d) In cases where qualified commercial firms do

not exist, or where a suitable firm is operat-

ing in the country but demonstrates no con-

cern for the Government/UNICEF/FAO
objectives, the government might establish a

joint venture arrangement, with private

commercial partners. Alternatively, the

government, with UNICEF support, might

enter into 2-or 3-year cost-plus contracts

with a selected private group for the pro-

duction, packaging, marketing, and promo-

tion of weaning foods and fortified staple

foods. At the end of the specified initial

term, the contract arrangement could be

reviewed, and possibly extended; or when
the project seems self-sustaining, the

government and UNICEF could negotiate

with the commercial firm for its takeover

including equipment, etc., in order that pro-

duction and marketing could continue on a

commercial basis with the government
offtake of a fixed amount for welfare dis-

tribution.

(e) Recognizing the inherent difficulties and risks

of these pioneering enterprises, UNICEF,
FAO, and hopefully, UNDP and WFP as

well, should assist governments to identify

and provide a variety of incentives and/or

subsidies which may be vital for the survival

of projects in their early phases, including

tax reductions, rebates, loans, and such. Such

incentives should not only include govern-

ment purchase or offtake for institutional

and relief feed programmes, but they

should also envisage means to supply raw
materials and to defray the costs of adver-

tising and promotion.

May I emphasize that the ideas summarized in

the last five points are not yet oflficial policy of

UNICEF or FAO, although it can be said that prag-

matism and experience are moving us strongly in

these directions.

Suffice it to say that many of the elements of

these ideas are beginning to appear in some of the

new projects which we and FAO have initiated, in-

cluding particularly efforts in Algeria and Turkey. I

believe that the United Nations agencies are strongly

oriented to the objectives I have outlined, and I hope

that before long there may appear convincing evid-

ence that we have found successful ways to achieve

them.

DISCUSSION

Question: You mentioned the Algerian weaning

food in the opening part of your address. Is there a

policy of UNICEF to encourage industrial produc-

tion of such foods? Is there going to be a role in

UNICEF's programs for commercial firms in under-

developed countries?

Dr. Milner: As I indicated, the emphasis is very

much on the involvement of industrial firms. Alger-

ia, I think you would agree, is somewhat of a special

case since it is a country where most of the corpora-

tions are essentially government controlled.

The second point I want to make is that it is our

mandate to support government programs. Thus, it is

up to the government to identify the commercial
partner. Sometimes we feel like putting a little body

English on this selection, but it is basically a respon-

sibility of the government to put forward a com-
mercial partner with whom we can work.
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DRY TECHNIQUES FOR THE PRODUCTION OF
PLANT PROTEIN CONCENTRATES

by

I. Deschamps. A. Gonzales, and R. Calderon

Institute Mexicano de Investigaciones Technologicas, A. C.

Mexico, D. F., Mexico

(Presented by I. Deschamps)

As we look back, most of the key contributions

to the production of protein concentrates and iso-

lates are the result of relatively recent efforts, per-

haps not beyond the last three decades.

A review of basic principles and methods inv-

olved is bound to show that there are very few tech-

niques available which can be used for properly con-

centrating protein bearing materials at a reasonably

low cost without experiencing relatively high materi-

al losses. Moreover, it is felt that the application of

these techniques has worked more favorably for

some types of raw materials than for others.

Major accomplishments have taken place with

the development of products derived from soy-

beans and, to a lesser extent in more recent years,

with peanuts and cottonseed. What has been accom-

plished to date in these endeavors may be explained

to an important extent, in terms of the abundance

of these materials in many areas. But a common
factor of far reaching significance to consider as

well is that these materials fall in the category of

the oilbearing seeds. The oil present in these materi-

als is the main reason for their utilization, and the

direct consequence of its extraction results in the

increase of the protein level of the residue. This

again, using dry methods has practically no material

losses to account for. Several improvements in the

protein content come about in products that are al-

ready high in protein to begin with.

A seed which appears to offer some of the ad-

vantages previously mentioned is sesame. Sesame is

also grown in several countries as a source of edible

oil.

For the most part, seed processing has been ori-

ented so far in Mexico and in other areas for its

valuable oil, the meal being extensively used in poul-

try feeds. Continuous pressing is generally used for

this purpose, thereby rendering a meal still exhibit-

ing around 6 to 8 percent oil. Solvent extraction.

when applied, allows for the recovery of a second-

ary oil crop but resulting meal cannot be considered,

as it is obtained, for human use. Its color, the pres-

ence of calcium oxalate and its low water dispersa-

bility limit its use in foods. (See table 1)

Table L—Dispersibility values of sesame meal
protein

Sesame meal Dispersibility

Percent

Screw-press meal

(6 to 8 percent oil content) 27.5

Prepressed and solvent extraction 88.0

A detailed study of processes being practiced,

led to important observations that are given below,

The seed hull is responsible to an important ex-

tent for the dark color observable in the oil, when
the seed has been subjected to full pressing. Color

of oil is consistently higher when obtained from
whole seeds than when the seed used has been

previously hulled. As expression progresses the ex-

pelled oil will exhibit a darker color, specially in the

range where oil content of meal is brought down
from a critical level of around 17 to 20 percent to its

low limit of 6 to 8 percent.

The combination of prepressing and solvent

extraction allows, under suitable conditions, for the

production of a light colored oil frora whole seeds.

However, the segregation of a part of the fiber

from the meal by following any one of several

types of mechanical treatments tested does not al-

low for an effective material improvement.

Seed hulling followed by prepressing and so-

lvent extraction renders a light-colored meal from

which substantial amounts of inner seed fiber can be

mechanically segregated, or air classified.
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A fully defatted meal derived from hulled

seed, segregation of an additional part of the seed

fiber may be accomplished by the use of rolls rotat-

ing in opposite directions, whereby one of them is

set at a higher peripherical speed. This type of oper-

ation does not substantially differ from convention-

al wheat milling.

An improved procedure adapted for the same
purpose involves the use of impact milling per-

formed by some types of hammer mills and by pin

grinding, followed in each case by air classification.

Work has been mostly centered on centrifugal sepa-

ration, in the context of helical flow systems. Parti-

cles sizes of material subjected to classification fall

below 500 microns, with most of the fines falling in

the range of 50 to 150 microns. Conditions, such as

moisture content, feeding rate, and number and

speed of the blades, have been the subject of sys-

tematic evaluation.

Best results are obtained when a well defatted

meal, derived from hulled seed is used. In defatting

the seed, special precautions must be taken not to

damage the material. To this end, prepressing of

seed down to only 17 to 20 percent oil has proved to be

an indispensable operation before solvent extrac-

tion.

The comparative protein concentration of so-

lvent extracted sesame meal are illustrated below.

Hulled seed:

Prepressing:

Solvent extraction:

Residual oil

Residual oil

below

86 to 88 percent

20 percent

2 percent

Meal (defatted)

Protein

Crude fiber

Oxalates

52 to 54 percent

6 to 7 percent

not detectable

Mechanical Breakdown

A. Roll milling & screening

Finefraction Coarsefraction Fibrous

structures

Yield 55 to 57 percent 34 to 38 percent 3 to 5 percent

Protein 65 to 69 43 to 46 .

Fiber 3 to 3.5 9 to 11

B. Impact grinding & air separation

Yield

Protein

Fiber

Finefraction

55 to 60 percent

63 to 67

3 to 3.5

Coarsefraction

40 to 45 percent

42 to 45

9 to 11

Seed hulling was accomplished by a continuous

mechanical process developed at IMIT— a work
which has been previously reported. It does not re-

quire steeping nor heating of seed and is operated at

a low moisture content, under 15 percent.

Other materials of interest are the defatted

germs from corn and wheat. The very low starch

content and relatively high fiber content in cold germ
(around 7 percent) have been meaningful in so far

as protein concentration of material, in whizzer type

separators is concerned. In contrast to this situation,

starch present in commercially available wheat germ
at a level of around 25 to 30 percent is a disadvan-

tage, because protein in this case will shift together

with the fiber, whereas starch will concentrate in the

light fraction because of the relative particle sizes

involved. This condition is bound to change if the

protein material in the coarse fraction is selectively

micropulverized in a second grinding stage.

Comparative results with defatted corn germ
and wheat germ flours obtained by impact grinding

followed by air classification are illustrated in table

2.

Table 2.—Protein concentration of solvent

extracted corn germ and wheat germ flours

Residual

Item Yield oil Protein Fiber

Percent Percent Percent Percent

Starting material:

Wheat germ Below 2 27 to 2 1.5 to 1.8

Corn germ do 23 to 25 8.0 to 10.0

Impact grinding and

air classification:

Wheat germ Fine fraction 22 to 24 1.0 to 1.2

50 to 55

Do Coarse fraction 33 to 35 2.0 to 2.2

45 to 50

Corn germ . Fine fraction 30 to 32 5.0 to 6.0

45 to 50

Do Coarse fraction 18 to 20 12.0 to 14.0

50 to 55

Air classification of chick pea flour is an exam-

ple in which fiber content in the protein-rich coarse

fraction, is actually higher than in the original fiour,

however allowing for a fine fraction with a reduced

fiber content exhibiting a comparatively lower prote-

in content. A first separation of particles in the

range of 50 to 300 microns will render a coarse frac-

tion relatively low in starch which may then be re-

processed after micropulverizing to yield a compar-

atively high-protein low-fiber product.

When only the first type of milling is applied,

the resulting product is still of value as a low fiber

ingredient in food formulations, although the rela-

tive protein level obtained is actually below protein

content of flour. This is illustrated as follows:
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Protein concentration of chick pea flour

Roll grinding & air separation:

Yield, percent Original.

100

Protein, percent 23

Fiber, percent 1.8

Fine fraction. Coarse fraction,

55 to 66 40 to 45

18 to 20 27 to 29

1.2 to 1.4 2 to 2.5

Electrostatic separation applied to several local-

ly available raw materials is presently the subject of

investigations in an effort to upgrade those consi-

dered as of possible merit in mixed protein foods.

No clear answer has been obtained so far. In the

case of a defatted flour derived from hulled se-

same seed, results indicate that there are some evid-

ences of preferential behavior of some particles to

render a slightly higher protein content in one frac-

tion after a number of successive stages. The ac-

tual increase in protein content was about 11 percent

in the protein rich fraction, representing only about

25 percent of original material. Fiber in this frac-

tion was 5 percent as compared with original materi-

al which e.xhibited around 7 percent fiber. Current

work is conducted on the study of variables with

particular reference to moisture of material and to

individual behavior of particles involved.

DISCUSSION

Question: I wonder if you could comment on the

details of the air classification presently used, spe-

cifically, the type of units used and their relative

performance?

Mr. Deschampa: In our case most of the work
has really been centered on the use of either a high-

speed impact mill type like a Simpactor unit No. 6, or

a high-speed hammer mill like the Raymond Imp Mill

No. 0000, coupled with an air separation unit with

"whizzers" that were originally supplied by Ray-
mond; but, we have been operating in several ways.

If you would care to have details on this, I would be

glad to send them to you.

Question: Could you comment on the quality of

the high-protein concentrate that you get from the

air separation of sesame seed?

Mi: Deschamps: I wish that there would be a

specific way to judge the material in terms of quali-

ty, but I would say that first of all temperatures
applied throughout this process are much lower than

what has been observed in the daily practice of in-

dustry. When you go down to perhaps 15 to 20 per-

cent residual oil content in the cake instead of 6 to 8

percent, you can certainly have the expeller running

at low temperatures. If the proper precautions are

taken at the level of desolventizing the material,

then you can come to the point of obtaining a mate-

rial that will show a very good dispersibility. Besides

the quality of the material in terms of essential

amino acid and so on, another reason for this type

of development is finding a richer material which

may also supply bulk protein as such.

Questio)i: All of the information I have read

about the yield of this crop would indicate that it is

a rather low yielder. Is the yield in Mexico any higher

or any different? Would you care to comment on this,

please?

Mr. Deschamps: The yields are low. Generally

speaking, they are better in some places than in oth-

ers, but what really gives us hope is the statement

that recently has been made many times in our own
agricultural research facilities indicating that there

is a real way to move the yields up. There is room
for an increase in yields which is substantial. This,

alone, could be an explanation for our interest in the

subject. Let me first try to show some figures on vol-

umes and price trends. This indicates that the Mexi-

can market for sesame has developed to a sustained

level mostly in terms of oil consumption almost in

spite of price fluctuations.

Question: We have been studying the possibility

of using sesame as complementary to other grains

and similar seeds where protein content is favora-

ble. Now, in this regard, we have considered using

seasonal sesame. I wonder if you would comment on

this point. Is there any other alternative product and

is it available?

Mr. Deschamps: I would say that for food pur-

poses, we have not considered the possibility of us-

ing the regular meal that is currently obtained. I

mean to say, one which would show some 8 to 6 per-

cent residual oil. It is well known that although se-

same oil happens to be very good from the stability

point of view, in spite of process being followed,

the dispersibility of the material in water and salt

solutions is very low. So, an effort has been made to

bring the materials to the point of reaching a high

dispersibility with no hull residue. Tnis is one aspect

of the problem of improving sesame meal to the

point where it may be used for human use. Of
course, the color of the regular meal is very dark if

it is obtained by allowing the hull to be present dur-

ing the expelling. So, that is another factor taken

into account, to substantiate the removing of the

hull.
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Now, about the cost, I have to say that this being

a mechanical operation and a continuous one, the cost

for the operation is bound to be in the low level. The
capacity of the equipment that you saw in the pho-

tograph shown is at the level of half a ton per hour

and that will give you an indication of the low in-

vestment required for production. I do not have pre-

cise figures to allow for scaling up the production.

Perhaps in 2 or 3 months from now we should be

able to give you some reliable figures.

Question: What is the cost in pesos for sesame
per kilogram?

Mr. Deschamps: Comparatively high.

Question: Would it be under 4 pesos?

Mr: Deschamps: It is about 2.75 pesos per kilo

for the raw seed.

Questioyi: What is your estimated production

based on the raw product that goes into production?

How much of the material do you estimate available

—raw product?

Mr. Deschamps: For this purpose of sesame

flour?

Question: Not for your experimental purposes

but for actual production.

Mr. Deschamps: I really don't know. It would

depend entirely on what is going to happen when you

make this meal into food products, and what is

going to be done in terms of poultry and swine

feeding in the manner that is being followed today.

I really couldn't reply to that question as yet.
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SESSION II: M. Milner, Food Conservation Division, UNICEF,

United Nations, N. Y., Chairman

EDIBLE FLOUR FROM COTTONSEED BY LIQUID
CLASSIFICATION USING HEXANE

by

E. A. Gastrock

Soutliern Utilization Research and Development Division

New Orleans, La.

INTRODUCTION

Glanded cottonseed has received little considera-

tion in the past as a protein source for human con-

sumption because of its gossypol content. For exam-

ple, a flake prepared from a glanded cottonseed ker-

nel is shown in figure 1.

Figure 1.—Flake prepared from glanded cottonseed

kernel.

Glanded Cottonseed Structure

The black dots scattered throughout the flake are

pigment glands {IJ. These glands are ovoid sacs and

contain 35 to 50 percent of gossypol. They constitute

about 2.4 to 4.8 percent of the weight of the de-

hulled cottonseed kernels. The gossypol content of

these kernels will vary between 0.8 and 2.0 percent

total gossypol. The glands are from 0.001 to 0.007

inches in diameter, rather tough, and somewhat resi-

lient. They resist mechanical damage well under cer-

tain conditions, but water and polar solvents rupture

them. Current processing methods utilize various

combinations of moisture, heat and pressure that

result in breakage of glands and spillage of their

gossypol content which is then picked up by the oil or

protein products.

In the oil gossypol is responsible for color prob-

lems. In the meal it appears as "free" U) and "total"

(5) gossypol. Speaking broadly, the difference be-

tween "total" gossypol and "free" gossypol is termed

"bound" gossypol and represents gossypol that has

combined with some meal component. The usual

combination is with the important essential amino
acid, lysine, thereby rendering it unavailable nutri-

tionally and reducing the nutritive value of the

product.

Crop research is underway to perfect cotton-

seed varieties with no gossypol in the kernels and

that will give adequate yields and quality of the lint

as well. Glandless cottonseed would eliminate the

gossypol problem. However, it is estimated that 10 or

more years will elapse before glandless varieties can
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be perfected and grown in some areas of the U.S.

cottonbelt, with an acceptable minimum of regres-

sion in the planting stock to the glanded variety. The
projected time is longer in the developing countries.

The rapidly increasing population of the world is

direly in need of additional protein to supplement a

diet deficient in protein. The cottonseed crop is one
such source and is grown in many developing areas

of the world sorely in need of protein. Ten or more
years is too long to wait.

The Problem

Ideally we would like to separate the cottonseed

into five separate products, none of which would be

contaminated by any of the other. These five prod-

ucts are linters, hulls, oil, protein product, and intact

pigment glands.

1. We remove most of the linters with the linter

saws.

2. We remove a large part of the hulls in the

dehulling operation, but in order not to lose

protein and oil a sizable amount of hulls

remains with the various fractions of de-

hulled meats.

3. The problem then is to avoid breaking the

pigment glands while the oil is removed from
the meats or flakes by an inert solvent such as

hexane. This would result in a light-colored

oil.

4. Having done this, the next problem is to com-
minute the extracted kernels without ruptur-

ing the pigment glands and then to separate

hull particles from the protein meal tissue

and pigment glands as completely as possible

by mechanical means. The material then re-

maining would be separated into a light-co-

lored, high-protein principal product substan-

tially gossypol-free and a gossypol-rich sec-

ondary protein product.

Research and Development Approaches
—Previous Investigations

Nearly 20 years ago two approaches were inves-

tigated. These were flotation {8) and differential set-

tling (6).

In the flotation process the cottonseed flakes,

having been properly conditioned, are disintegrated

in a Waring Blendor in a mixture of chlorinated and

nonchlorinated hydrocarbon solvents adjusted to a

sp. gr. of 1.378. The diluted slurry (sp. gr. 1.378) is

allowed to stand, whereupon the pigment glands

being lighter in sp. gr. than 1.378 rise to form a layer

on top of the solvent to be skimmed off. The rest of

the disintegrated material including protein, hulls.

and partly disintegrated meat particles, having a sp.

gr. heavier than 1.378 sinks to the bottom.

In the differential settling process, the cotton-

seed flakes, having been properly conditioned, are

disintegrated in a Waring Blendor, but in hexane

only. The diluted slurry is also allowed to stand, but

the hull particles, coarse meal and pigment glands

sink rapidly to the bottom. The finely divided protein

particles being slow settling are siphoned ofi".

The liquid cyclone process (LCP) is a further

development of the differential settling process. In

previous investigations, single gravity separations

(tank settling) and multiple gravity separations in a

centrifuge (up to 1500 x g.) were used. These forces

compare with values of 7000 x g. for a 50 mm. liq-

uid cyclone and 10,000 x g. for a 10 mm. liquid cy-

clone each operating at 40 p.s.i.

Figure 2.—Principle of operation of liquid solid cyclone.

Figure 2 illustrates the principle of operation

of the liquid solid cyclone. The feed, a suspension

of solid particles in a liquid medium, is supplied

under pressure through a tangential feed opening.
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This establishes, within the cyclone, a swiftly rotat-

ing body or vortex of fluid. Centrifugal forces in

this vortex cause the heavy particles to move to the

wall of the cyclone, while the light particles and

most of the liquid are forced toward its axis. Non-

tengential current, shown in figure 3, cause the heavy

particles that have been thrown to the wall to move
down toward the apex, where they are discharged.

The bulk of the liquid, which contains the fine parti-

cles and particles lighter than the liquid, moves verti-

cally along the axis of the cyclone and is discharged

out the overflow opening or vortex finder.

Figure 3.—Non-tangential current.

A cyclone separates particles on the basis of

their size and specific gravity, and the specific gravity

of the liquid in which they are suspended. The shape

of the particles is also a factor in determining the

size of separation. The cyclone diameter, feed inlet

and vortex finder dimensions, and operating condi-

tions (usually summarized as pressure drop from
feed inlet to overflow) on the other hand, will deter-

mine the size of separation from a given slurry.

Liquid cyclone process developinent (LCP) has

been underway since 1966. The early experiments
were designed to develop an extraction procedure
for cottonseed using the AHW mixed solvent that

would be simpler, more rapid, efficient, and econom-
ical than procedures based on the use of multiple

centrifuge or vibrating screens. The AHW process

used a solvent mixture composed of acetone 39 per-

cent, hexane 60 percent, and water 1 percent. The
gossypol was dissolved in the solvent and was sepa-

rated from the meal alone with the oil.

However, in February 1967, an LCP batch-type

run was made in which straight hexane was the so-

lvent instead of the AHW mixture. A P50 (50 mm.)
liquid cyclone was used. In this run the underflow

from the P50 liquid cyclone was observed to contain

a concentration of detached, intact pigment glands.

The overflow from the P50 cyclone was visually

free of pigment glands.

This observation revived thoughts of the consi-

derable effort expended nearly 20 years ago on the

differential settling process (6) and resulted in reac-

tivation of this approach.

PREPARE FLAKES

EXTRACT WITH HEXANE

I
COMMINUTE

1

SCREEN

ON 80 MESH
RECYCLE

UF 1/

THRU
80 MESH

1

ON 24 MESH
2/

50 MM
CYCLONE OF

UF ^ 10 MM CYCLONE _
2 OR 3 STAGES OF

FILTER

I

H FILTRATE

DESOLVENTIZE

X
H HEXANE

J4y

li/

GRIND TO FLOUR

STERILIZE AND PACKAGE

OF'OVERFLOW UF. UNDERFLOW

i/OMIT IF UNDEFATTED FLAKES USED
2/ HEXANE OR RECYCLE STREAM ADDED TO CONTROL FLUIDITY

5/ TO SOLIDS, HEXANE AND OIL RECOVERY
£/T0 HEXANE RECYCLE OR OIL AND HEXANE RECOVERY
S/TO HEXANE RECYCLE

Figure 4.— Liquid cyclone process for cottonseed.

Thus far, 43 batch-type runs have been made
and four simulated continuous runs. The batch-type

runs have served to indicate the optimum ranges

—

some narrow and some broad—for many of the

process variables. Many of these variables are

shown on the flow sheet (fig. 4) and include: flake

preparation, preliminary extraction, comminutation,

screen separation, P50 (50 mm. ) cyclone operation,

Doxie (10 mm.) cyclone operation, vacuum filtration,

desolventization, final grinding, and sterilization.

Also shown are recycling of some process streams to
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improve operating efficiency and product yield. Ob-
viously recovered hexane would also be recycled to

the system where required.

If undefatted cottonseed flakes are fed to the

process, the first extraction step is eliminated, and
continuous extraction of the on-24 mesh fraction

and the P50 underflow fraction are done instead.

The final purified protein product is collected on a

continuous filter regardless of whether defatted or

undefatted flakes are used and removal of oil at

this step can be accomplished by washing with hex-

ane on the filter.

Grinding and packaging of the product follow

conventional methods.

The Product

The high-quality edible cottonseed concentrate

produced by the liquid cyclone process has the fol-

lowing typical analysis:

Protein (nitrogen X 6.25)

Protein solubility (in 0.02N NaOH)
Liquids

Gossypol, free, not over

Gossypol, total, not over

EAF lysine, g. per 16 g. N
Flavor, bland

Color, light cream

Percent

70.0

98.0

0.6

0.05

0.30

3.85

Because of its high protein content (70 percent)

the protein product is a concentrate, by definition,

and not a flour. An edible protein product of such

high quality cannot be produced from glanded cot-

tonseed by processing methods, solvent or mechani-

cal, now in use by oil mills. It is free of the un-

favorable color and flavor characteristics of cotton-

seed protein products prepared with solvents con-

taining acetone.

Quality

The LCP concentrate has been used in enriching

the protein content of wheat flour bread.' Up to 25

percent LCP concentrate has been added to the for-

mulation of this yeast bread, approximately dou-

bling the protein content to 20 to 22 percent. Texture,

flavor, and loaf volume of the bread containing

LCP concentrate were comparable to the same char-

acteristics of bread made only with wheat flour.

Similarly, biscuits made with a commercial biscuit

mix, in which 20 percent of the weight had been sub-

stituted by the LCP concentrate, had an excellent

texture and flavor and a creamy, yellowish color.

Considerable information is available at the

SURDD on the nutritive value of AHW-flours {2)

and flours or concentrates produced by extraction

with aqueous acetone followed by anhydrous ace-

tone (J). The LCP concentrate has a significantly

higher protein content, of equal solubility, than the

AHW-flour, but otherwise closely proximates the lat-

ter in composition. When compared with the AA-
AA flour or concentrate, the LCP concentrate closely

parallels its composition except that the latter is

somewhat higher in free and total gossypol con-

tents. It can be expected, therefore, that the nutri-

tive value of the LCP concentrate will be equally as

high as the AHW and AA-AA products without the

objectionable flavor and color characteristics of the

latter.

Oil Quality

Preliminary refining and bleaching tests on

crude oil derived from an LCP run on undefatted

flakes showed: Free fatty acid, 0.42 percent; refining

loss, 2.4 percent; refined color, 2.8 red; and bleached

color, 1.26.

Economic Considerations

Very preliminary estimates based on numerous

experimental runs at Southern Utilization Research

and Development Division and translated to the op-

eration of a theoretical plant to process 200 tons of

cottonseed per day, 250 days per year, assume daily

yields as follows:

Pounds

High-protein content concentrate 72,600

High-gossypol content meal 62,000

Oil

'

72,000

Hulls 145,400

Linters 40,000

Seed costs were estimated at $66 per ton. Plant

and operating costs, estimated at $20 to $25 per ton,

are appreciably higher than those currently being

reported for direct hexane solvent extraction plants

and allow for a possible increase in plant and oper-

ating costs for the liquid cyclone process.

Current selling values were assumed for the oil

at $0.12 per pound, the linters at $0.03 per pound, and

the hulls at $0,011 per pound. A range of selling

values was assumed for the high-gossypol content

meal, $40 to $80 per ton, depending upon its end use,

whether for a low priced product, such as fertilizer,

or for ruminant feeding (blended with regular cot-

tonseed meal).

The break-even value of the high-protein con-

tent concentrate was determined by difference and

Private communication.
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ranged from 4.7 to 7.6 cents per pound. This product

requires no additional processing to be classed as a

concentrate.

Increasing the break-even value of the concen-

trate by only a few cents per pound to arrive at a

selling price would provide an attractive profit on a

daily or per ton basis.

Discussion

The liquid-cyclone process for the production

of essentially gland-free edible cottonseed concen-

trate from glanded cottonseed is envisioned as part

of a large plant that produces feed grade meal. The

process, however, may also be eventually carried out

in a separate plant designed mainly for the produc-

tion of food grade concentrate. Regardless of

which type plant is used, strict adherence to sanitary

considerations must be observed.

Significant breakthroughs in the process out-

lined above are as follows:

(1) The process can be operated satisfactorily

starting with either hexane extracted flakes or with

undefatted flakes. In the latter case, the final prote-

in product must be washed with hexane on the filter

to remove oil present.

(2) When meats are dried to a moisture content

of 4 percent or lower and flaked, these flakes can

first be extracted with hexane without breaking the

pigment glands in basket extractors, or by filtration

extraction at commercial rates. Removal of fines

from product miscella is thus eliminated.

(3) Hull-free meats are not a requirement of

the process. Hulls accompanying the meats can be

removed later during grinding and screening opera-

tions.

(4) Doxies (10 mm. cyclones) concentrate the

overflow from the P50 DorrClones, making it possi-

ble to feed the concentrated slurry to a continuous

vacuum drum filter operable at commercial rates as

high as 50 pounds per square foot per hour.

(5) Approximately 85 to 90 percent of the gossy-

pol present in the seed is removed in the underflow

of the P50 DorrClone. Between 30 and 35 percent of

the total protein content of the flakes accompanies

the gossypol in this underflow. Total protein diverted

to the high-gossypol content product does not exceed

35 percent. It is anticipated that this fraction will be

mixed with the meal product of the parent feed

mill, used as fertilizer, or as a source of gossypol.

Thus the process makes possible a yield of fine edi-

ble, high-protein concentrate containing less than

0.30 percent total gossypol, 0.05 percent free gossy-

pol, and 65 percent of the protein originally present

in the seed.

The key to the process lies in separating the in-

tact pigment glands from the protein. The pigment

glands contain the gossypol. Grinding or comminut-

ing of the flakes slurried in hexane makes possible a

mechanical separation in the P50 DorrClone into two

fractions, the underflow containing most of the

pigment glands (and the gossypol), and the overflow

containing most of the protein essentially free of

pigment glands.

Prime seed, free of contaminants such as af-

latoxins, is a requirement of the process because a

food grade product is being manufactured.
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DISCUSSION

Chairman: I think Mr. Gastrock has issued to us

quite a challenge. I know that many people in this

audience came to hear this particular paper. I think

what intrigued them were the exciting rumors that

have been circulating concerning the liquid cyclone

process.

The question, you may agree, is whether it is

really as good as it appears to be—economically and

in other ways. Certainly Mr. Gastrock has been very

bold when he said, "This can be produced with a pro-

tein content similar to soy protein at 70 percent, at

perhaps half the price."

I suspect that there are many questions arising

from this paper.

QueHtion: I think it is important that we all un-

derstand the economic aspects of what Mr. Gastrock

was talking about. Could we request a restatement,

and possibly, a clarification?

Mr. Gastrock: The cost figures? The assumptions

made were for a 200-ton-per-day plant and assume

yields as follows: High-protein concentrate product

—72,600 pounds per day; high-gossypol content meal

—62,000 pounds. The reason those figures are some-

what similar is that the high-gossypol content meal

would be 41 percent protein and the other meal would

be 70 percent protein. Oil yield was 72,000 pounds,

hulls, 145,000 pounds and linters, 45,000 pounds. Seed

costs were estimated at $65.90 per ton, which was the

average figure for the period considered.

Plant and operating costs were purposely set

high at $20 to $25 per ton. These costs include depre-

ciation.

To calculate the cost of the high-protein-content

concentrate, the linters were priced at 3$ per pound,

the hulls at $22 per ton, and the oil at 12$ per pound.

The high-gossypol-content meal had two values; $60

and $80 per ton. This yielded a range of cost— really

a break-even value—of a high-protein concentrate

from 4.5 to 6.75 cents per pound. Is that the infor-

mation you wanted?

Question: The meal then was furnished at $22

per ton?

Mr. Gastrock: No, the hulls were priced at $22

per ton.

Question: You are saying then, for my own edi-

fication, it is 4.5 to 6.75 cents for a commercial feed

base?

Mr. Gastrock: Say 4.5 to 7 cents for the break-

even value of the 70 percent protein concentrate.

(A question was asked relative to the mixed so-

lvent process.)

Mr. Gastrock: When we were studying the mixed
solvent process, we investigated a great many so-

lvents. We studied methyl, ethyl, and isopropyl alco-

hol, several ketones, and ethyl acetate. The solvent

that we liked for an extraction solvent, next best to

the mixed solvent, was the one that involved ethyl

acetate. However, every one of those solvents pro-

duced a final miscella which contained with the oil all

of the gossypol removed. We feel that the refining

problems would not be simplified by that. In addition

— as I mentioned before— all of the acetone-con-

taining solvents would wind up with an objectionable

flavor and color. Incidentally, the alcohol and the

ethyl acetate also wound up with a darkened color;

that is, a gray-green colored flour which when used in

a beverage resulted in a dark purplish unesthetic liq-

uid.

Question: On the separation of protein, do you

get a different characteristic protein in the concen-

trate as you do in the high gossypol meal?

Mr. Gastrock: There is a significant diff'erence in

the protein type and concentration, in particular,

between the overflow and the underflow in the 10

mm. cyclone.

Qiiestion: What you are saying is that there is

going to be an amino acid difference?

Mr. Gastrock: I don't know whether it is an ami-

no acid difference, but it is probably related to that.

Question: Do you expect the quality to differ?

Mr. Gastrock: Well, one of the research workers

at the Laboratory thinks we might be able to make
even something approaching an isolate as a primary

product in this process.

Question: Can you get equal concentrates from

other oilseeds by the same process?

Mr. Gastrock: We would think that if the same
differences in type and location of protein within the

body of any seed are similar to those that occur in

cottonseed, well, similar differentiation could be

made. You see, it is a question of one group of pro-

teins, depending upon its location in the seed, having

less fiber, less carbohydrates, or less cellulose and a

difference in ash content. It depends also on the

comminution. The more carefully you can commi-
nute the material, the more apt you are to get separa-

tions which are more beneficial.

Chairman: I am sure most of you notice the sol-

ubility figures on the slide that Mr. Gastrock showed
which would predict a tremendous functionality

for this program. It is a point that will require some
additional discussion. I would like to ask two ques-

tions.
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Have you explored the use of an homologous

series of the solvents—say, pentane, hexane, and

heptane—to determine whether you get any advan-

tages by using solvents of different densities of a

similar chemical character? Would you think that

this might be useful to explore?

Mr. Gastrock: It is one of the things that should

be looked into.

Qnestio)t: Under commercial conditions we have

seen degossypolized cottonseed meal in our work
which looked fine until you begin to dry it. It can be

degossypolized, but as soon as you begin to dry it, it

turns these awful colors. Are you sure that you

could transfer your laboratory scale procedure into

a commercial one? Is this a commercially dried prod-

uct or a standard commercial dry?

Mr. Gastrock: This is an air-dried product, but

by drying under heat conditions we obtained a prod-

uct that is practically as light but a little more

creamy yellow.

Question: You have reason to believe, then, that

one could use standard commercial drying conditions

for this product and not darken it?

Mr. Gastrock: I believe so.

Question: That will not darken then if you wet

it again and re-dry it?

Mr. Gastrock: There is a slight darkening— well,

I don't know why you would want to wet it and re-dry

it.

Question: If you want to cook it?

Mr. Gastrock: Well, yes. You will see the bis-

cuits, I hope.

32



COTTONSEED PROTEIN CONCENTRATES BY AIR CLASSIFICATION
by

, W.H.Martinez
Southern Utilization Research and Development Division

New Orleans, La.

Within the past decade the dry operation of

protein displacement by air classification has reached

the status of a commercial operation in the wheat
milling industry. By this process, the intracellular

constituents are concentrated on the basis of size

and shape through the use of an air centrifuge.

In the wheat milling operation, the major part

of the aluerone or protein body layer of cells is

removed with the bran. The cells of major interest

are, therefore, the endosperm cells. The particles

produced in the reduction of these cells by either

classical milling operations or pin-mill grinding can

be categorized into three major groups: free starch

granules, free wedge protein particles, and clusters

of cell fragments. The free wedge protein particles

are the interstitial matter, or ground cytoplasm in

which the starch granules are embedded. It is the

shift in the concentration of these relatively minor

protein particles during air classification which pro-

duces the fractions of commercial interest (1,9).

In the cottonseed, however, we are interested in

a shift in the concentration of the major protein

particle, or rather, the elimination of the minor par-

ticles. The cottonseed is a dicotyledon. The kernel

consists primarily of embryo as opposed to the en-

dosperm tissue of wheat. The cotyledons are the two

leafy appendages attached to the axial tissue (fig. 1).

The cells of the cotyledons (fig. 2) are filled with bul-

bous shaped particles called aleurone grains. Essen-

tially all the cells of the cottonseed contain aleurone

grains with only an infrequent starch grain at ma-

turity (3).

Figure 1.—Photomicrograph of a 24-hour germinating

cotton embryo. The cotyledons are marked
(C), the elongating hypocotyl (axial tissue)

(H). Approximately 6X.

Figure 2.—Section of cotyledon of cotton embryo show-

ing epidermal ( E), palisade (P) and spongy

mesophyll (M) cells, all filled with aleurone

grains (A). Formal-calcium fixation, Chloro-

zol Black E stain. 11 OOX.
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Figure 3.—A spongy parenchymal cell from the cotyle-

don of a dry cottonseed, aleurone grains ( A),

spherosomes (S), globoids (G), nucleus (N).

Lithium permanganate fixation. 7000X.

In the electronmicrograph seen in figure 3, the

aleurone grains (A) appear as dark gray spheres. The

white particles, which are outlined by a dense mem-
brane and surround the aleurone grains, are called

spherosomes (S). They are the storage site of the

triglyceride lipid of the seed (10). Hexane extraction

removes the triglyceride but not the surrounding

membrane. Within the aleurone grain there is a third

particle, a white sphere, which does not appear to

have a membrane. This particle is called a globoid (G)

and is important to the understanding of the compo-

sition of the air-classified materials. Lui and

Altschul do not divide (3) have shown that the glo-

boids are the storage site of the inositol phosphate

Table 1

cw

Figure 4.—Photomicrograph of pin-milled glandless cot-

tonseed flour, aleurone grain (A), cell wall

fragments (CW) residual spherosome mem-
brane fragments (RS), cell fragments (CF).

Stained with Procion Blue. Taken at a mag-
nification of 430.

or phytin of the seed and certain minerals. Both

constituents will contribute to the ash content of a

material.

Pin-mill reduction of a defatted glandless cot-

tonseed meal to a flour produces four types of par-

ticles visible in the light microscope: free, intact

aleurone grains (A); cell wall fragments (CW); resi-

dual spherosome fragments (RS)-free or attached

to cell wall fragments; and clusters of cell frag-

ments (CF) (fig 4). The aleurone grains are reported

to range from 1 to 20 microns but average 5 to 10

microns in diameter (iO). Cell wall fragments and

residual spherosome membrane fragments can be

Pertinent characteristics of air classified

glandless cottonseed flour

Composition dry weight

Sample MMD Yield Nitrogen Lipid Ash Phosphorus
Crude
fiber

Sugar
total

15 lOOh

Percent Percent Percent Percent Percent Percent

Flour 10.73 0.88 7.84 2.16 2.2 7.33

Fraction

1 8 31.9 12.10 0.48 9.03 2.67 1.5 4.09

2 11 19.2 11.38 0.37 8.46 2.33 1.9 4.42

3 16 26.7 10.22 0.54 7.41 2.02 2.7 8.84

4 19 10.2 9.56 0.75 6.75 1.78 3.1 9.48

3 56 12.0 7.50 1.84 5.35 1.24 3.5 13.14

The mass median diameter of the particles in the fraction, that is, the average size of 50 percent of the particles.
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found in various shapes and sizes. The extent to

which these minor fragments are found in the

free aleurone grain fraction will determine the ni-

trogen content of the protein concentrate.

The analytical results of a four-cut, air-classi-

fication profile of a glandless cottonseed flour are

given in table 1 (7). The glandless seed were dehulled,

flaked and defatted by hexane extraction at ambient

temperatures. The flakes were air desolventized and

ground to a flour in the Alpine Kolloplex 160Z. The
flour was air classified in a laboratory model Pillsbu-

ry air classifier. To provide a four-cut profile after

each fine cut was taken off, the coarse fraction was
reclassified at successively increasing cut point size.

Though totally free from hull particles, this flour

still contained 2.2 percent crude fiber. Hull frag-

ments are a significant but not a serious problem to

this type of "fine cut" air classification. The major

part of hull fragments can be removed. The hull

content of the flour will, of course, greatly aff'ect

the weight yield of the concentrate and the nitrogen

content of the residue. The crude fiber distribution

obtained when hull particles are present is shown in

the first and second bar graphs of figure 5. The third

bar graph represents the crude fiber composition of

the fractions obtained from a four-cut, air-classi-

fication profile of a flour in which hulls were totally

absent. Note the crude fiber content of the fifth

fraction in each flour. In figure 6, the nitrogen distri-

bution in the five fractions of each of these three

flours is given. The patterns are quite similar. The
general distribution is not changed. Combination of

the first two fractions from each of the flours

would provide a protein concentrate. The chemical

analyses of the fractions from the hull-free flour

given in table 1 show that the nitrogen of the flour is

concentrated at the expense of the crude fiber, total

sugar, and lipid constituents. The ash and phospho-

rus contents, however, increased as the nitrogen in-

creased. Though the phytin particles—the globoids

—

embedded in the aleurone grains do not totally repre-

sent the ash content of the flour, the results of the

chemical analysis can be translated in terms of the

globoid content, to the cytological or particulate na-

ture of the fractions.

Studies on the amino acid composition

and protein distribution of the whole flour and the

finest fraction indicated that the concentration of

the low molecular weight proteins is less in the fine

fraction (7).

This too is logical in terms of the particle

distribution. The major part of the low molecular

weight proteins must be part of the cytoplasm.

These low molecular weight proteins are high in lys-

ine 6.6 vs. 4.2 percent on a total protein basis (6). The

cytoplasmic proteins, in which the lower layer of the

protein bodies are embedded, are probably associated

with the cell wall fragments. As these particles de-

crease in number the cytoplasmic proteins and,

therefore, the lysine content decrease. This drop is

less, however, than that observed in many commer-
cial meals. The lysine content of the finest fraction

is 3.8 g./16g.N versus 4.2 for the whole meal.

o
cr.

LU

CRUDE FIBER NITROGEN

12345 12345 12345 12345 12345 12345

Figure 5.—The crude fiber composition of five, air-clas-

sified fractions and the original flour, the first

bar, for each of three cottonseed flours. Flour

on the right did not contain hull particles.

Figure 6.—The nitrogen composition of five, air-classi-

fied fractions and the original flours, the first

bar, for each of three cottonseed flours. Flour

on the right did not contain hull particles.
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Figure 7.—Photomicrograph of the finest fraction

(Fraction 1) of an air-classified, glandless

cottonseed flour, aleurone grains (A), cell

wall fragments (CW), residual spherosome
membrane fragments (RS). Stained with

Procion Blue. Taken at a magnification of

430.

A weighted average of the two finest fractions

of this flour (table 1) would provide 51 percent of

the weight of the material as a 72 percent protein

concentrate (dry weight). A photomicrograph of the

finest fraction is shown in figure 7. The major parti-

cle observed in the fraction is the free aleurone
gi-ain. In addition, one can see the cell wall and resi-

dual membrane fragments. Increasing numbers of

these latter fragments will decrease the protein con-

tent of the concentrate but increase the yields.

Yields of 70 percent (dry weight) protein concen-
trate as high as 62 percent of the weight of a flour,

which was low in hulls, have been obtained by air-

classification procedures. A protein concentrate of

69.4 percent protein (dry weight) has also been pro-

duced at a yield of 55 and 60 percent of the total

nitrogen by a single-cut, air-classification procedure
with a commercial classifier. The import of the exact

nitrogen content of the product will be determined
by the end use of the product.

What are the factors that will influence the ap-

plication and end result of this process?

Though cell size and seed maturity may be ex-

pected to have a modifying effect, variety should not

be a primary factor. From both the Acala and Gregg
25 varieties of glandless seed, 70 percent concen-

trates have been produced.

The major determinant in this air-classification

process is the defatting operation. If the meal is

cooked before fat extraction, subjected to distor-

tion because of pressure, or subjected to high mois-

Figure 8.—Photomicrograph of pin-milled flour from

commercially processed glandless cotton-

seed. Stained with Procion Blue. Taken at a

magnification of 430X. Compare with Figure

4.

ture and heat during desolventization, the end result

will be useless. The pin-mill grinding, rather than

rupturing the cell wall and shaking the aleurone

grains free of their intracellular environment, will

simply cut through large segments of cells in which

the aleurone grains have been embedded in the agglu-

tinated mass of the heat denatured, water-soluble,

cytoplasmic proteins and residual spherosome mem-
branes. No classification of the constituents would

be possible.

A photomicrograph of the glandless meal pro-

duced recently in a commercial mill is seen in figure 8

{2). The meal was ground with the same pin-mill used

with previous samples. This meal was cooked before

extraction, then hexane extracted, and dried in a de-

solventizer-toaster with steam. The nitrogen solubili-

ty averaged 85 percent. The cells, however, are glued

together and the protein bodies, normally visible as

discrete units piled one upon another, can no longer

be differentiated. Only large, irregular shaped clus-

ters of cells are produced by pin-milling this materi-

al.

Ideally, the cottonseed meal to be air classified

should be prepared by hexane extraction without

prior cooking and vapor desolventization or its equiv-

alent.

The type of grinding is also critical. If a pro-

perly processed meal is ground to a narrow range

particle size, air separation on the basis of particle

size will be impossible. Selective grinding rather than

total particle size reduction is needed. A shift in the
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Figure 9.—The constituent composition of each fraction

of an air-classified, four-cut profile as a per-

centage of the composition of the original

Kolloplexed glandless flour CM 132.

percentage of the total of the various constituents

present in each fraction was obtained when a pin-

mill flour was air classified (fig 9). When the same
flour was ground to a narrow particle range by tur-

bomilling, the percentage of the various constitu-

ents present in each air-classified fraction differed

very little from the weight percent of the particle

fraction (fig 10).

The moisture content of the cottonseed during

both the defatting and grinding operations is anoth-

er factor in this process. Studies with wheat (^,_S)

have shown that greater endosperm fragmentation

was obtained when the wheat was roller milled at

high moisture content and pin milled at low moisture

content. Within the cotton seed concentrate process

there are potentially three points at which moisture

could be important: in the seed before flaking, in the

defatted meal before grinding, and in the flour

before air classification. Both the grinding and air-

classification operations can be dehydrating. If the

moisture content is low throughout all three of these

operations, a significant protein shift will not be

achieved. A photomicrograph of the finest air-clas-

sified fraction of such a low moisture preparation

is seen in figure 11. The low moisture seed was flaked,

direct hexane extracted without cooking, and deso-

Iventized in a Schneckens type desolventizer with a

minimum of steam. Final moisture was 6 percent,

nitrogen solubility 87 percent. Without the denatur-

ing cooking operation, it was possible to free the

aleurone grains from their cellular environment by

pin-mill grinding but the yield of the air-classified

FRACTION

Figure 10.—The constituent composition of each fraction

of an air-classified, three-cut profile as a

percentage of the composition of the origi-

nal Turbomilled glandless flour CM132.
Fraction 1 was reclassified at a finer cut

point.

fine fractions was lower. The lower yield was proba-

bly caused by the free-steam desolventization and

drying procedure. In addition, numerous, very small

cell wall and residual spherosome membrane frag-

ments could be seen microscopically in these frac-

tions. The nitrogen content of the finest fraction,

though slightly higher than that of the flour, was

cw

Figure 1 .

—

Photomicrograph of the finest fraction of a

low moisture air-classified glandless cotton-

seed flour, aleurone grains (A), cell wall

fragments (CW), residual spherosome

membranes (RS). Taken at a magnification

of 430. Stained with Procion Blue.
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less than that of the second cut. The lipid content

of the fractions also increased rather than de-

creased in the fine fractions. This meal could not

effectively be used to produce a 70-percent concen-

trate.

Results of the studies completed suggest that

high moisture (10 to 12 percent) during the flaking

and grinding procedures will provide appropriate

material for the selective grinding which is needed

to produce maximum yields with maximum nitrogen

content.

Glanded cottonseed contain the additional prob-

lem of pigment gland removal. For maximum ef-

ficiency of gossypol removal, the pigment glands

must be kept whole throughout the defatting and

grinding operations. The size differential between

protein bodies and pigment glands is so large that

separation by air classification is not a significant

part of the problem. Figure 12 is a photomicrograph

of the finest fraction of an air-classified glanded

meal. Figure 13 is a photomicrograph of the coarse

fraction at the same magnification containing whole

pigment glands (PG) and hull particles (H). Selective

grinding, i.e., maximum rupture of the cell with

minimum fragmentation of the pigment glands, is

the critical problem. Since no significant differences

between the cellular structure and contents of

glandless and glanded seed, except for those few

cells surrounding the pigment gland, have been dem-

onstrated, conditions which are appropriate for cell

rupture with glandless seed should be applicable to

glanded seed. Recent studies have indicated that high

moisture (12 to 13 percent) in the kernel and flake is

equally as effective if not better than low moisture

for retaining the integrity of the pigment gland

during the no-heat, hexane defatting operation.

However, pin-mill grinding fragments the major

portion of the pigment glands. Grinding with a

fluid-energy mill has given some very promising re-

sults.

The production of protein concentrates by the

dry operations of grinding and air classification

would seem to offer certain operational and, there-

fore, economic advantages, particularly over the wet
operations presently used in the soy industry. The
final economic evaluation of the air classification

process will be determined by the end-use products

of both the concentrate and the coarse residue.
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DISCUSSION

Question: What stain did you use?

Mrs. Martinez: The stain is one that was deve-

loped in our laboratory. Mark Engleman, who was a

postgraduate at our laboratory, and I collaborated on

the development of the procedure. The stain is a 0.5-

percent solution of Procion Blue in absolute metha-

nol containing 2 percent concentrated HCl. With cot-

tonseed the materials to be stained must be dry, that

is, not in a water solution. This procedure has not

been published.
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COTTONSEED PROTEIN ISOLATES

by

W. H. Martinez

Southern Utilization Research and Development Division

Recognition that solubilization and solubility are

two distinct, separate characteristics of the proteins

of seeds is one of the most important factors in

the preparation of protein isolates.

Within any one set of extraction conditions, the

solubilization of the proteins of the seed is deter-

mined (1) by the permeability and solubility of the

cell wall and the membranes surrounding the intra-

cellular components, (2) by the solubility and reactiv-

ity of the nonprotein cellular constituents, and (3)

by the solubility characteristics of the individual

proteins. Any effects of the defatting procedure

will be superimposed upon these determinants collec-

tively or selectively. Processing conditions can aifect

the quantity of protein that is solubilized but do not

necessarily affect the solubility characteristics of

the proteins brought into solution. The cottonseed

flour used for the studies reported here was a hex-

ane extracted, glandless meal that was air-desolven-

tized and ground to a flour in a pin-mill, that is, es-

sentially an undenatured flour.

The electrophoretic and ultracentrifuge pat-

terns from a series of extraction studies with

various salts and alkali are given in figure 1 U ). The
pH of extraction ranged from 5.6 to 9.1. Tlie ex-

tracts were dialyzed, lyophilized, and then dissolved

at equal concentration (10 mg./ml.) in 0.2M NA2CO3
—NaHCOs buffer, pH 10.5, for analysis.

The same protein components were extracted

from the flour by a diversity of solvents. Isolates

extracted by either high ionic strength salt solutions

(pH 5-6) or alkaline solutions (pH 9-10) give similar

electrophoretic and ultracentrifugal patterns. With

solvents of low ionic strength, that is, 0.2M NaCl or

0.2M NaOAc, little of the high molecular weight

storage proteins were solubilized. The major proteins

extracted were the low molecular weight proteins,

which are relatively high in electrophoretic mobility.

These are the same proteins that are extracted from

the flour with water. This group of proteins, which

appear as the lower two broad bands in the electro-

phoretic patterns, and the broad slow moving peak in

the ultracentrifuge pattern in figure 1, can be sepa-

ls.-

miiihi^

hBBN'b'
Figure 1.—Vetical polyacrylamide gel electrophoretic

patterns and ultracentrifugal patterns of iso-

lates extracted with various solvents, ratio—

Ig to 40 ml. Extraction solvents, from left to

right, were: 0.2 M Mg(OAc) 2; 0.2 M Na CI

0.2M Ca(OAc) 2) ; 0.2M CaCI 2; 0.2M NaOAc
0.2M Na2C03-NaHC0 3, ph 10; 0.5 M NaCI
0.006M NaOH. All analyses performed in

0.2M Na 2CO 3 buffer pH 1 0.5. All untracen-

trifugal patterns taken 20 minutes after top

speed (59,780 r.p.m.). Gels stained with
Nigrosine.

rated into at least 12 components by gel electropho-

resis at pH 8.9 (3).

Certain variations were also observed with these

solvents microscopically. The aleurone grains of the

hexane extracted flour swell when suspended in wa-

ter, but remain intact for several hours. If alkali is

added, the membrane and the matrix protein of the

aleurone grain dissolve, but the globoids, that is, the

phytin particles remain intact. If sodium chloride is

added to the water suspension, all of the aleurone

grain is solubilized, membrane, matrix protein, and

globoid. If CaCh is added, only the matrix protein is

solubilized. The membrane appears to collapse on it-

self entrapping the globoids. Thus, it is apparent

that the ions of the extracting solvent are utilized to
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solubilize both protein and nonprotein constituents

and that the constituents solubilized differ with the

solvent and its concentration. It would appear, there-

fore, that the terminology of the proteins of seeds

should perhaps most logically be based upon cytologi-

cal location and function rather than solubilization

or extraction characteristics.

With NaOH as the extracting solvent and a sin-

gle extraction procedure, it was determined that 0.4

milliequivalent of base was necessary to provide

maximum solubilization of the nitrogen of cotton-

seed flour. At this concentration of base, 0.4 meq.,

neither extraction ratio, time—beyond 30 minutes,

particle size—between 20 and 200 mesh, or tempera-

ture—from 20 to 70° C, were significant to the solu-

bilization of the nitrogen (2).

On the basis of these various studies and the

solubilization characteristics of cottonseed proteins,

a two-step, two-solvent extraction procedure was

developed (i). The flow diagram of the procedure is

given in figure 2. The flour is extracted first with wa-

ter or 0.008M CaCl 2 at a 1:15 ratio for 30 minutes.

From the ultracentrifuge and electrophoretic pat-

terns in figure 3, it can be seen that only the low mo-

lecular weight proteins are extracted by these so-

lvents. The proteins solubilized in Step I represent

approximately 30 percent of the total nitrogen of

the flour. Over half of this can be isolated from

the water extract by precipitation at pH 4. The resi-

due from Step I is re-extracted with 0.015M NaOH
for 30 minutes at a 1:15 ratio based on the original

weight of flour (Step II). About 60 percent of the

total nitrogen is extracted in Step II. Through neu-

tralization of the alkaline extract to pH 7, more than

50 percent of the total nitrogen can be recovered as

RE!

COTTONSEED FLOUR SUSPENDED IN WATER

BIDUE

Ratio 1:15
Shake 30 min.
Centrifuge 30 min.

EXTRACT-A

Resuspend in .015N NaOH
Ratio 1:15
Shake 30 min.
Centr 1 fuge 30 min.

Acidify to pH 4
Centrifuge 30 min.

PROTEIN
ISOLATE-I

SUPERNATANT

RESIDUE-R EXTRACT-B

Aci di fy to pH 7

Centrifuge 30 min.

PROTEIN
ISOLATE-II

SUPERNATANT

Figure 2.—Flow diagram for the two-step, selective ex-

traction procedure.

an isolate (Isolate II) at pH 7. The ultracentrifuge

and electrophoretig patterns (fig 3), show that little,

if any, of the low molecular weight proteins are

present in the second extract or isolate. The high

isoute: I

SOLVENT H,D
.016N .015N
CaCl, NaOH

TwQ-Step

.027N
NaOH

Single-
Step

IT I.016N |f\
I

CaClJ V^

.OlSNl"^
NaOH I

-;(nA/^

Figure 3.—Vertical polyacrylamide gel electrophoretic

patterns of isolates and ultracentrifugal pat-

terns of extracts from the two-step and sin-

gle-step extraction procedures. Electrophor-

etic analyses performed in 0.2M Na, CO,

buffer pH 10.5 Solvents for ultracentrifugal

analyses as indicated. Patterns taken 32

minutes after top speed (59,780 r.p.m.).

Gels stained with Nigrosine.
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Figure 4.—Protein-precipitation curves of isolates from

the two-step and single-step extraction pro-

cedures. Curve A - Isolate I, two-step extrac-

tion; Curve B - Isolate II, two-step extraction;

Curve C - Isolate from single-step extraction.

pH values taken after centrifugation.
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Table 1.—Comparison of single- and two-step extraction procedures

Procedure

Extract Isolate

<•

pH Pet. of

total

N

extracted

pHof
precipita-

tion

N
Pet.

p
Pet.

Pet. of

total N
Pet. of

total wt.

Single Step',-

.027N NaOH 9.85 87.1 5.0 14.97 0.87 66.6 41.0

Two-Step'/

Step I

H2O 6.67 26.7 4.0 13.23 3.47 17.4 12.3

Step II

.015N NaOH 9.69 59.7 7.0 16.15 0.47 52.3 30.1

Extraction conditions: Ratio-l:15, time-30 minutes, temperature-25°C., glandless flour.

Average of 4 trials.

Average of 6 trials.

molecular weight proteins are seen as the two broad,

relatively slow moving bands in the electrophoretic

pattern (column 3, fig 3), and as the rapidly sediment-

ing components in the ultracentrifuge. For compar-

ative purposes, the ultracentrifuge (buffered and
unbuffered), and electrophoretic patterns of the pro-

teins isolated by a single alkaline extraction are also

included in figure 3. In buffered solution (0.2M

Na, CO, - NaHCO,
,
pH 10.5), the low molecular

weight proteins form a single broad peak in the ul-

tracentrifuge having a sedimentation constant of

approximately 2. The high molecular weight proteins

separate into two major peaks having sedimentation

constants of approximately 7 and 12.

It is readily apparent from the protein precipi-

tation curves of these isolates seen in figure 4, why
the rather unusual pH of 7 is used for the recovery

of the major isolate. These curves were obtained by

titrating aliquots of a 1 percent solution of each of

the isolates to various pH values, centrifuging and
measuring the nitrogen content of the decanted su-

pernatant. In addition to the unusual range of mini-

mum solubility, Curve B, the proteins of the major
isolate of cottonseed, Isolate II, display a very inter-

esting acid solubility. More than 95 percent of the

protein was resolubilized at pH 4. Plans are presently

being made for the preparation of a large quantity

of this major isolate which will be available to in-

dustry for product evaluation.

When both groups of proteins, the low and high

molecular weight proteins are present in the isolate.

Curve C, the pH of minimum solubility and the pH
of maximum acid solubility are shifted to lower

values. This curve suggests that protein-protein in-

teraction or merely cosolubilization of two different

types of protein components can exert a very sig-

nificant effect on the solubility characteristics of a

protein isolate. The presence of both types of prote-

ins also affects the amount of protein that remains

in solution at the point of minimum solubility. In a

commercial operation this would be of very real sig-

nificance in the biological oxygen demand of the

effiuent to be discarded. The importance of this in-

creased solubility at the pH of minimum solubility

is also reflected in slightly lower yields of total

weight and nitrogen (table 1). With the two-step pro-

cedure, 69 percent of the nitrogen and 42 percent of

the weight are recovered in the two isolates. With the

single-step procedure only 66 percent of the nitrogen

in 41 percent of the weight is recovered. Perhaps of

more importance, the purity of the major isolate

from the two-step procedure is much greater. The
nitrogen content is higher and the phosphorus con-

tent is lower—about half that found in the isolate

from the single-step procedure.

Studies on the extraction of the phosphorus

constituents of the defatted flour showed that 60

percent of the total phosphorus can be solubilized by

successive extraction with water. Approximately 35

percent can also be recovered in the residue after

optimum alkaline extraction (0.4 meq. of base). This

35 percent must represent the insoluble phytin phos-

phorus of the globoids. If dilute C&Cl 2 and alkali

are used as successive extracting solvents, the phos-

phorus in the residue increases to 60 percent. This

difference of 25 percent is probably due to the for-

mation of insoluble calcium salts, possibly phospho-

lipid or glycolipid in character. The chemical nature

of the 40 percent of the total phosphorus which is

solubilized by both water and dilute calcium salts
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(0.008M) and coprecipitates with the proteins of the

extract at pH 4 is not known.

In addition to influencing the extraction of the

phosphorus compounds of the seed, the calcium ion

also has a definite effect on the physical (solubility)

properties of the proteins extracted. Through the

proteins can be acid precipitated in good yield from

a 0.2M Na2C03-NaHC03 extract pH 10, and in lower

yield from 0.2M NaCl extracts, pH 6.5, no precipi-

tate can be obtained from 0.2M CaCl 2 extracts, pH
6.5. With low ionic strength calcium salt extracts

(d.OOSM), when only the low-molecular weight, wa-

ter-soluble proteins are solubilized (Step I), the yield

of acid-precipitated protein (pH 4) is only 43 percent

of that obtained from the water extract. The effect

of the calcium ion, particularly on the membrane
of the protein body, can also be advantageously uti-

lized to permit selective protein extraction from
other seeds. Microscopic examination showed that

dilute CaCh (0.008M) will stabilize the protein bodies

or aleurone grains of the seeds. Figure 5 is a pho-

tomicrograph of a CaCl 2 suspension of a hexane

extracted peanut flour stained with KI-I2 solution to

show starch grains. Figure 6 is a photomicrograph

of a CaCb suspension of a 90 percent DPI commer-
cial soybean flour stained in the same manner. Figure

7 is a photomicrograph of a CaCb suspension of a

hexane extracted air-dried sunflower meal. This se-

ries of photomicrographs were all taken at the same
magnification of 430.

The aleurone grains of the sunflower seed are

similar in appearance and size to those of the cotton-

seed. Also like cottonseed only a small percent of the

total nitrogen is water soluble. Selective extraction

of the low and high molecular weight proteins of

sunflower seed can be accomplished, therefore, by

either a water-alkali or a dilute CaCb-alkali extrac-

tion procedure. Sunflower seed, however, has the

nonprotein constituent-chlorogenic acid which great-

ly affects the solubility and color of the isolates. As

shown in figure 8, Column 3, very little of the dark

greenish brown isolate, which was extracted with

CaCl 2 and acid precipitated (Step I, Isolate I), was

soluble in the 0.2M Na2C03-NaHC03 buffer, pH 10.5

Isolate II (Column 4) obtained by re-extraction of

SG

Figure 6.—Photomicrograph of Kolliplexed, commercial

soybean flour in 0.008M CaCi2 . Starch

grains (SG) stained with Kl-b, Aleurone

grains (A). \^

SG

Figure 5.—Photomicrograph of Kolloplexed, hexane ex-

tracted peanut flour in 0.008M CaCh .

Starch grains (SG) stained with KI-I2, Aleu-

rone grains (A).

Figure 7.—Photomicrograph of Kolloplexed, hexane-

extracted, air-desolventized sunflower seed

flour in 0.008M CaCh Aleurone grains (A).
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the residue with alkali and precipitation as pH 6

(Step II), however, was very soluble and only a medi-

um olive green in color in alkaline solution. The ma-
jor portion of chlorogenic acid can be removed by

extraction of the meal with 50 percent ethanol. This

procedure improves the color of the isolates but

changes the extraction characteristics of the prote-

ins. The major protein(s) of the sunflower seed can

now be extracted in significant quantity by water (fig.

8, column 1). This could be a result of a change in

permeation characteristics of the protein body

membrane caused by alcohol extraction. The solubili-

ty of the proteins is also increase. Both changes

could, however, be simply the result of the removal

of chlorogenic acid.

The electrophoretic and untracentrifugal pat-

terns of the isolates obtained by both single and

two-step extraction procedures from peanut and

soybean flours are shown in figures 9 and 10, respec-

tively. The aleurone grains of each of these flours,

as evidenced by microscopic examination, must be

ruptured by extraction with water. With each flour

the major portion of the extracted nitrogen was so-

lubilized with water. Re-extraction with alkali solu-

bilized essentially the same protein components but

in lower quantity than extracted by water.

The effect of the use of CaCl : as the first so-

lvent in the two-step selective extraction procedure,

however, differed with each of the flours. With the

peanut flour, a significant portion of the weight is

extracted, but very little of the nitrogen is solubil-

ized or recovered as the acid precipitated isolate

from the CaCl: extract. In the second step, the alka-

line extraction, almost half the total nitrogen is re-

covered as the acid precipitated (pH 6) isolate.

Though the protein complement of this isolate

ISOLATE I 11 I II

solve:,'! HgO .015N .016N .OlSN

NaOH CaClo fJaOH

Figure 8.—Vertical polyacrylamide gel electrophoretic

pattern of isolates from sunflower seed pre-

pared by two-step extraction procedure. Iso-

lates from hexane defatted, 50 percent

ethanol extracted sunflower seed flour

shown in Columns 1 and 2. Isolates from
hexane defatted sunflower seed flour shown
in Columns 3 and 4. Electrophoresis conduct-

ed in 0.2M Na2C03-NaHC03 buffer pH 10.5.

Gel stained with Nigrosine.

ISOLATE

SOLVENT

(I) II IT

.027N
NaOH

(.016N
CaClg)

.015N
NaOH

H^O .015N
NaOH

Single-
Step

Two-Step

.G27N I
NaOH

'^•

.015N
NaOH

Figure 9.—Gel electrophoretic and ultracentrifugal pat-

terns of isolates from hexane extracted, air

dried, Koilopiexed peanut flour prepared by

two-step and single-step extraction proce-

dures. Analyses conducted in 0.2M Na:C03-

HCO 3 buffer pH 10.5. Ultracentrifugal pat-

terns taken 22 minutes after top speed

(59,780 r.p.m.). Gels stained with Nigro-

sine.
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ISOLATE I

SOLVENT H2O

II

.015N

NaOH

I

.016N

CaClo

II

.015N

NaOH

.015N
NaOH

.016N
CaCl„

,015N
NaOH

Figure 10.—Gel electrophoretic and ultracentrifugal

patterns of isolates from Kolloplexed com-
mercial soybean flour prepared by two-step

extraction procedure. Electrophoretic ana-

lyses conducted in 0.2M Na 2CO i-NaHCO 3

buffer pH 10.5. Gels stained with Nigro-

sine. Ultracentrifugal analyses conducted in

standard phosphate buffer pH 7.8 of Wolf

(5). Ultracentrifugal patterns taken 28
minutes after top speed (59,780 r.p.m.).

(Isolate II*) is essentially the same as that recovered

by the single-step alkaline extraction, acid precipita-

tion (pH 4.5) procedure (fig. 9, Columns 1 and 3), and

though the quantity of Isolate II* is less, there are

certain advantages to the use of the two-step

(CaCl 2) procedure with peanut flour. The purity of

Isolate II* is greater than the isolate obtained from

the single-step procedure and the nitrogen content

of the final residue is higher. The two-step proce-

dure provides approximately 50 percent of the nitro-

gen as a highly purified isolate (N = 17 percent), and

the remaining portion as a flour with a protein con-

tent of at least 50 percent protein. The latter is due

primarily to the minimum solubility of the nitrogen

in CaCl 2. The single-step alkaline extraction proce-

dure solubilized more of the total nitrogen but the

loss is much greater in the effluent from acid precip-

itation.

It is apparent from the gel electrophoretic

(Column 3 and Column 4) and the ultracentrifuge

patterns in figure 10 that a very real fractionation

of the proteins of the soy flour was achieved by the

two-step (CaCl 2) extraction procedure. Though
less of the total nitrogen was recovered by the two-

step, CaCh procedure than with either the two-step,

H2O or the single-step alkaline procedures, the major
isolate. Isolate II (precipitated at pH 5.5) had a higher

nitrogen content, lower phorphorus content, and a

much higher average molecular weight than any oth-

er soy isolate.

The preparation of protein isolates is deceptive-

ly simple. The isolates, however, which are presently

produced commercially are really a rather inhomo-

genous mixture of different proteins contaminated

by varying quantities and types of nonprotein con-

stituents. The selective extraction procedure de-

scribed here offers the unique potential for provid-

ing isolates, from the same seed, which differ in

physical properties. This process also appears to offer

an excellent tool for the food technologist studying

the relationship between functional properties and

the protein and nonprotein content of an isolate.
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EVALUATION OF EXISTINti PROCESSES FOR
COMMERCIAL PRODUCTION OF COTTONSEED FLOUR

by

M. C. Verdery

UNICEF Consultant

Houston, Tex.

To those of us who have followed the cotton-

seed oil mill business over the years the word "gossy-

pol" was like the "skeleton in the closet" or the "fam-

ily black sheep." It was something we just didn't care

to talk about. Thousands of dollars have been spent

on research but we still have gossypol in all cotton-

seed meal produced commercially today.

The above pessimistic paragraph does not mean
that considerable improvement has not been made in

the quality of cottonseed meal. It was determined
some 15 or more years ago that proper preparation

and cooking of cottonseed meats will bind the gossy-

pol and reduce free gossypol to an acceptable level

for most poultry rations. At least 50 percent of the

prepress solvent plants in this country can produce a

meal that is suitable for most poultry rations, and
where gossypol in seed is lower, as in California, an

extremely low free gossypol can be obtained. Sever-

al foreign countries which we have visited for

UNICEF, can also produce a cottonseed meal suitable

for poultry rations, with their existing prepress so-

lvent plants. It is fortunate that the processing pro-

cedures used for best extraction and oil quality also

result in low gossypol.

Many nutritionists have established a specifica-

tion of 0.04 free gossypol and 60 to 70 percent nitro-

gen solubility in cottonseed meal for use in poultry

rations. Many prepress solvent plants are equalling

or bettering these specifications and a sizable tonnage

of cottonseed meal is now being utilized in poultry

rations.

In areas where soybeans are not produced, and

soy meal sells for a higher price than cottonseed

meal, there has always been an incentive to produce a

low gossypol cottonseed meal that would sell at a

premium to the poultry feed industry. Now, with

urea replacing more and more cottonseed meal as

cattle feed, the mills must produce a meal that can

be used in poultry rations, or else take a substantial

loss in products revenue.

Over the years there has been relatively little

interest in the development of a cottonseed flour

for human consumption. More than 30 years ago a

flour was produced at an oil mill at Shulenburg, Tex.,

but apparently it was not a profitable venture. For

more than 20 years, Mr. Sears of Cedar Valley, Tex.,

produced and sold a flour similar to the Shulenburg

product by grinding and sieving selected cottonseed

meal. Sears calls his product "Nutty Brown Flour,"

and sells it to several bakeries in the Houston area as

well as other parts of the country. They mix from 5

to 7 percent with wheat flour and sell the product

under the trade name "Nutty Brown Bread."

The only other cottonseed flour produced com-

mercially, that we know of, is made by Traders Oil

Mill at Fort Worth, Tex. This product, called "Pro-

Flo," has been on the market for 20 years or more,

but is considered a specialty product, that is, it has

functional rather than nutritional uses such as cook-

ies and donuts, and very little consumed in bread.

Because "Pro-Flo" has a good reputation for purity

and uniform specifications, it has been used exten-

sively by INCAP, Meals for Millions, and other

groups interested in developing weaning foods and

mixtures for children in underdeveloped countries.

Just why "Nutty Brown" and "Pro-Flo" have not

been used more extensively, I do not know. But I sus-

pect it is due to the relatively high selling price, and

very little advertising. Also, color and lack of func-

tional properties in bread.

The world shortage of protein is now becoming

critical, as shown by food problems in India and

Brazil. Dr. Altschul and other experts tell us that

within another 5 years this country will be unable to

assist the more needy nations at the same level as at

present. Therefore, the problem of developing a

cottonseed flour for human consumption, so some
of these countries that have cottonseed, may supple-

ment their protein needs is one that should be solved

promptly. It is up to us to advise India and many oth-
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er countries what we know and the best way to pro-

ceed.

This paper will be confined to the technical as-

pects of producing a good cottonseed flour, but for

the benefit of those who might raise the question, I

would personally recommend soy flour where the

beans are available. Second choice would be peanuts,

provided they could be obtained free of aflatoxin.

Sunflower seed should also be considered. Obvious

reason for this choice would be to avoid gossypol and

color.

Now back to cottonseed. Over the years, as far

back as I can remember, there have always been

several research projects underway to inactivate oi'

extract gossypol from cottonseed meal and give a

product that would compete in all markets with soy

meal. At times some of these projects appeared to be

the answer to the problem, but one by one most of

them have disappeared. The only projects left on the

research docket at this time are glandless cottonseed

and the removal of pigment glands, by the Dorr-

Clone process. This latter process, developed here at

the Southern Utilization Research and Development
Division (SURDD), appears to have some promise.

However, it must go the course of all research; fur-

ther testing on a continuous pilot plant, economic

studies, and market surveys. This could mean 3 or 4

years before a commercial installation could be jus-

tified. This puts us back in line with estimates of

when any appreciable volume of glandless cotton-

seed will be available. So, we are back where we
started and what can we do for our friends who
want cottonseed flour right now? It is believed that

we already have the answer to this question.

As pointed out above, many oil mills with pre-

press solvent extraction are already making a degos-

sypolized meal that can be utilized in poultry rations,

in which the free gossypol must not exceed 0.04.

This type of product would appear to be useful for

foods as well. The specifications set up by

FAO/WHO/UNICEF and INCAP call for free gos-

sypol not exceeding 0.06, so we already have some-
thing better than minimum requirements for gossy-

pol. With careful processing the nitrogen solubility

can be maintained between 60 and 70 percent which

will also comply with the food speciflcations. All

possible sanitation and cleanliness precautions

should be observed in the plant, and insect and ro-

dent control practiced. Totally enclosed conveyor sys-

tems must be used to handle the meal to and from
the solvent plant. It has been found that normal
temperatures used for cooking and desolventizing

will keep bacteria count in line.

Meal from the solvent plant should be stored in

an insect and rodent proof tank or bin and the room

for grinding and separating should be totally en-

closed and kept up to food processing standards.

Hammer mills or attrition mills may be used

for grinding and it must then be sieved through at

least 80-mesh screen. A better quality meal can be

produced and higher recoveries obtained by using

more reflned grinding equipment, such as Raymond,
Entoleter, or Alpine Mills.

The cottonseed flour we produce from good

quality, selected cottonseed meal would be equal to or

better than anything now available. Analysis of

flour produced for UNICEF, from a California

prepress meal, is here for your inspection. Barrow-

Agee Analysis of January 16, 1968, follows:

Protein 58.31

Oil 1.05

Free gossypol .02

Total gossypol .92

Soluble protein 71.8

We were fortunate to obtain color slides of

bread made at College Station, Tex. with 5 percent

of milo and 5 percent cottonseed flour.

(Slides shown not available for publication)

We have samples of the "nutty brown bread"

and I believe you will agree that the taste is excellent.

Also, samples of the milo and cottonseed flour added

to wheat flour were baked at A&M for this meeting.

The precooked corn/cottonseed flour mixtures

prepared by UNICEF contains California cottonseed

flour and Doi-rclone flour. The mixture made from

California flour will be submitted to WHO for an

acceptability and tolerance test with children in

Ethiopia and India.

Naturally, we all look forward to the day that

the results of research will give us a better cotton-

seed meal and flour. But, after seeing and testing

just a few of the products from a flour that can be

made right now at many oil mills, I think you will

agree that there is no reason for delay in helping

feed the hungry people of this world. I also feel

very strongly that this flour can be produced at a cost

substantially less than with more sophisticated

methods. The proposed equipment for grinding and

sieving the flour would be equall^^ serviceable for

glandless cottonseed, soy beans, or peanut flour.

CONCLUSION

Many prepress solvent oil mills are already pro-

ducing cottonseed meal of satisfactory specifica-

48



tions for poultry rations. With proper grinding and
sieving and reasonable sanitary precautions, this

meal would meet specifications for human con-sump-

tion.

Two companies in Texas have been producing
and selling a cottonseed flour for many years. The
total tonnage is so small that I doubt that one out of

a thousand people know such a product is available.

Naturally, under these conditions, the price is high.

If cottonseed flour is ever to compete commer-
cially with soy flour, it will have to be produced on a

volume basis, and to start with, as a byproduct of an

efficient mill already producing meal of good quali-

ty, that can also be utilized in poultry rations.

This problem of feeding the hungry people of

the world, particularly with protein supplements,
involves not only research and technology, but also

education and economics. There have been cases

where hungry people didn't like the color of cotton-

seed flour or the taste of soy bean flour. There are

cases where oil seeds are available and factories

have the know-how to produce the flour, but cannot
justify a modest expense for equipment, as there

would be no assurance of a market for the product.

I know of one case where soy flour is available, soy

beans and corn exported, while at the same time the

Agency for International Development (AID) ships

in CSM (corn, soy, milk) mixture for undernour-
ished children.

We in this business can formulate and produce

nutritious foods for underdeveloped countries or

for our own use, but someone else still has a big sell-

ing job.

Although I do not personnally see too much
objection to the golden brown color of cottonseed

flour, I am afraid the consensus is that color must be

improved before it will be generally accepted by the

food industry. Most of us have seen samples of

glandless and DorrClone processed meals, that were

almost as white as wheat flour, but I am afraid that

if these meals were desolventized with conventional

oil mill equipment we would have the same old color

problem. We pass out this idea, with the hope that

processors and machinery manufacturers will give

it some thinking and come up with improved desol-

ventising equipment. Vacuum equipment with lower

temperatures and no sparge steam might be the an-

swer.

DISCUSSION

Qiiestion: You have visited several of these

underdeveloped countries and have looked at some
of their cottonseed processing capabilities—what
are these capabilities and what do you think has to be

done to supplement these capabilities in these coun-

tries to produce edible cottonseed flour?

Mt: Verdenj: Well, when I went on my first trip

with UNICEF to India, it was with the specific in-

structions to see if I could find some cottonseed oil

mills over there and some cottonseed that we could

use to make an edible prepressed cottonseed flour

—

similar to some of the samples that I have here on

the table.

I visited about 12 oil mills with George Pillai,

who is here today. I found two that had a conven-

tional prepress oil extraction, more or less identical

with what we have here. I found out from the Re-

gional Laboratory in Hyderabad that they had al-

ready determined what varieties of cottonseed were

low enough in gossypol to make a satisfactory pre-

pressed solvent extracted meal.

To follow up on that, we had samples sent over

and three or four mills were found to have some
real low gossypol with satisfactory protein solubili-

ty.

I have made some suggestions, based on our ex-

perience, to produce a better quality meal. We gave

recommendations for cooking times and tempera-

tures and the moistures. I think we could have done

even better but there wasn't any question in my mind

but that there are several mills that can make a satis-

factory product in India.

In Brazil I found a difl'erent story. Everybody

thought that the gossypol was very high in the seed

in Brazil. Having been with Anderson-Clayton, I

knew what the gossypol in their meal had been run-

ning in the State of Sao Paulo. Although they run a

fairly high free gossypol, it could be bound if they

wanted to, but right now they don't have any demand
and there is no benefit in binding the gossypol so they

don't worry about it. I will say that if anyone want-

ed to make a good meal, say down to 0.06 gossypol, it

could be done in the State of Sao Paulo. Right now,

though, they don't have any interest in edible cotton-

seed flour—either for humans or chickens—because

they have plenty of soybeans.
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CRITICAL EVALUATION OF AFLATOXIN
DETOXIFICATION IN OILSEEDS

by

L. A. Goldblatt

Southern Utilization Research and Development Division

New Orleans, La.

For general orientation, I will lirst tell you some-

thing about the aflatoxin problem. Secondly, I plan to

give you a very short summary of some of the biol-

ogical effects. Thirdly, I will discuss some elements

for the control of preventing formation of afla-

toxin. Fourth, I will review the information availa-

ble on the removal or inactivation of aflatoxin.
i-^^^^OCH,

The Aflatoxin Problem

What we now call the aflatoxin problem made its

appearance dramatically in England in 1960, as the

result of accidental poisonings in several domestic

animal species (£?). The toxins were designated afla-

toxins because they were produced by the very com-

mon mold Aspergillun Jiavus, hence A-Fla-Toxin.

However, at least four other species of the genus

Aspergillus (A. niger, A. parciiiiticHs, A. rubber, and

A. icentii) have been reported to produce aflatoxins

and the identical compounds may be produced by a

completely dilferent genus of molds, the PeniciUiuni

{10, 19, 26). At least four different species of Peni-

cillium have been reported to produce aflatoxins (P.

citnnum, P. frequentans, P. pnberulum, and P. var-

iable). Recently Wilson and coworkers reported (.^)

they "failed to confirm the aflatoxigenicity of eight

P. puberulum cultures including that of the isolate

(NRRL No. A-12.538) described by Hodges and oth-

ers." Also, reservations have been expressed as to the

production of aflatoxins by other species of Penicil-

lui m .

Nevertheless, it is now known that the problem

of aflatoxin is not restricted to the single species A.

Jiavus, even though that is a very common mold.

Also, additional aflatoxins have been discovered. For

several years only four aflatoxins were known: Bl,

B:, G:: so designated by reason of their fluorescence

and chromatographic characteristics. Their struc-

tures are illustrated below:

Several years ago it was found that when dairy

cattle are fed rations containing high levels of af-

latoxin, a new toxic material appears in the milk (i_l.

This was first designated as "milk toxin" but later

Allcroft and others (^1 suggested that it be given the

name aflatoxin M to indicate the original derivation

from milk but permit more general applicability.

Still later the "milk toxin" was found to obtain two

related compounds, both of which have been found

in moldy peanuts (20). These have been designated

aflatoxin M i and M :. These two toxins contain hy-

droxyl groups. Two other hydroxylated aflatoxins

were isolated late in 1966 from cultures of A. Jiavus

and were designated aflatoxin B :a and G :3.(15. 16).

The basis for this designation becomes apparent on

examination of their structures.

The structures of these four more recently dis-

covered aflatoxins are illustrated below. These four

are all hydroxyl containing compounds. In contrast,

none of the other four aflatoxins, Bi, B;, Gi, and G:,

contains a free hydroxyl group. Aflatoxin M i is 4-

hvdroxv aflatoxin B i and aflatoxin M : is 4-hvdroxv
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aflatoxin B:. Aflatoxin B2a is an isomer of aflatoxin

M2 with the hydroxyl group in the 2-position and af-

latoxin G2a is 2-hydroxy aflatoxin G:. Aflatoxin M:
and aflatoxin B:a are the only isomeric aflatoxins

thus far reoorted
Still another related toxin produced by A.Jiavus

was reported very recently i36_). This one with the
formula Ci9Hi407 was named "Aspertoxin." The
structure of Aspertoxin has now been determined
independently by two groups of workers, and the

structure is shown below.

.^^N

OCH,

ASPERTOXIN
Incidentally, one of the groups is suggesting

that the time has come to put the nomenclature on a

more systematic basis using the linear difuro struc-

ture as the basic unit. According to this system As-

pertoxin will be designated 3-hydroxy-6, 8-dimethox-

ydifuroxanthone. Aflatoxin Bi would be 6-metho.xy-

difurocoumarone and aflatoxin Gi would be 6-meth-

oxydifurocoumarolactone.

The question has frequently been raised as to

whether the aflatoxin problem is not something new;

whether aflatoxin is produced by some mutant, and

whether it will not disappear spontaneously. Various

reports indicate that aflatoxin was present in feeds

used in the 1950's. Reports of biological eff'ects simi-

lar to those produced by aflatoxins go back to the

1930's. Keppler and de longh reported in 1964 that

aflatoxin had been found in 40-year old samples of

groundnuts (peanuts) (£^). Accordingly, it seems that

aflatoxin has been with us at least before 1960.

Also, although aflatoxin was first found in pea-

nuts and peanuts have received most attention, the

presence of aflatoxin has been reported in a wide

variety of agricultural commodities, including bar-

ley, Brazil nuts, cassava, cocoa beans, copra, corn,

cottonseed, locust beans, palm kernels, peanuts, rais-

ins, rice, sorghum, soya bean meal, and wheat.

BIOLOGICAL EFFECTS
In the biological efl'ects of the aflatoxins, the

toxic properties of the aflatoxins manifest themse-

lves diff'erently depending on the test systems, the

dose, and the duration of exposure. Aflatoxin Bi has

been investigated far more thoroughly than any of

the others, and it was soon found to be acutely toxic

to most animal species. Bile duct hyperplasia is the

most characteristic and easily identified early pathol-

ogical efi"ect of the aflatoxins, although it is not nec-

essarily specific to aflatoxin (^). Aflatoxin B 1 has

proved to be the most potent of the first four recog-

nized aflatoxins, followed by aflatoxins G 1, B :, and

G2, in order of decreasing potency (8). In all species

studied, sensitivity decreases with age. The LDjo of

Bi for the 1-day-old ducking is about 18 Mg- and of

G: (the least toxic) is about 180 ^g- The LD50 values

for aflatoxins Mi and M: are comparable to those of

aflatoxins Bi and B:, respectively, and they produced

similar liver lesions in ducklings (33). According to a

report that appeared only a few weeks ago (15), af-

latoxins B:a and G:a appear to be relatively nontoxic.

Even at the highest dosage tested-l,200Mg- B 2a and

1600 Mg- G2a (60 to 100 times the amount of Bi lethal

to ducklings )-there was no significant difl'erence in

growth between dosed and control birds, and no char-

acteristic lesions associated with aflatoxin poisoning

were observed.

Chronic exposure for extended periods to mix-

tures of the aflatoxins, or to purified B 1, B 2, or G 1,

has resulted in tumor induction in several animal

species. This included the rainbow trout, rat, and

adult duck. The rainbow trout appears to be the most

sensitive and in that species hepatome induction oc-

curs at dietary levels in the order of 2 p.p.b. (2

/ug./kg. ). Wogan and Newberne recently reported (46')

that in the rat, at a dietary level of 15 p.p.b. (the

lowest level tested), carcinomas were induced in

12/12 males after 68 weeks in 13/13 females killed

after 80 weeks.
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Dr. Campbell of the FDA recently stated (7):

Nothing as yet is known about the toxicity to man.

But, he continued: "At present there is no pharmacol-

ogical data indicating a safe level of aflatoxin in

man. Since they are carcinogens for some animals,

no tolerance can be set for these substances. Any
demonstrable concentration of aflatoxin is proof

of excessive contamination with fungal toxins." He
also noted that current analytical methods are capa-

ble of detecting and confirming the presence of

aflatoxins in a range well below 50 parts per billion

of product. The maximum concentration of afla-

toxin that should be permitted was specified in Au-
gust 1966 by the Protein Advisory Group (PAG)
which is sponsored by a joint advisory group from
the Food and Agriculture Organization, the World
Health Organization, and the United Nations Child-

ren's Fund. They settled upon a maximum level of

0.03 mg./kg. (30 p.p.b. or /ug-/kg.) of foodstuffs (4.).

This level was evolved on the basis of feeding expe-

riments in monkeys where the "no effect" level was
found to be 300 p.p.b. and application of a safety

factor. The Group would have preferred to impose

a lower level in order to provide a wider margin of

safety but believed there was an even more urgent

need to provide extra protein in some parts of the

world in order to prevent malnutrition and starva-

tion. The Group hoped that with further improve-

ments in agricultural practice it would become fea-

sible to insist on lower levels.

Prevention

As is implied in the expressed hope "that with

further improvements in agricultural practice it

would become feasible to insist on lower levels," the

best approach is prevention. And the first step is rec-

ognition and awareness that the problem and threat

exist. A major problem is motivation of untrained

personnel at all stages of culture, harvest, transpor-

tation, and processing. The Agricultural Research
Service of the United States Department of Agri-

culture in March 1968 issued an excellent pamphlet
entitled "Preventing Mycotoxins in Farm Commodi-
ties" (^). which should be very helpful. This is a

revision of a pamphlet that was issued only three

years ago called "Preventing Mold-Caused Toxins in

Farm Commodities." I would like to think that the

new title is evidence of the progress that has been
made in these 3 years in recognition and awareness
of the problem; not so much by what is there as by
what is not there. Apparently it is no longer neces-

sary to spell out "mold-caused toxins" and we can say
mycotoxins and be understood.

This pamphlet emphasizes that the simplest,

most practical way to prevent mycotoxin contamina-

tion is to prevent mold growth. We have enough

knowledge now to reduce mold growth thus minimiz-

ing the possibility of mycotoxin contamination. The

report notes that contamination in agricultural prod-

ucts may occur while plants are growing in the field,

during harvesting and handling, during storage, and

even during processing. It contains reminders of

recommended farming practices for controlling

mold growth in harvested peanuts, cottonseed, soy-

beans, corn, rice, and other small grains such as

wheat, grain sorghum, and oats. The farmer's re-

sponsibility is indicated to take proper measures so

that commodities will not be either damaged by mold

or in a condition favorable to molding by the time

they reach marketing channels. The processor's re-

sponsibility to adequately sample, inspect, and ana-

lyze raw products received to screen out contaminat-

ed lots and to exercise adequate handling practices is

also noted.

Removal

Removal by sejxi rat ion.—Advances in basic

knowledge and in techniques of growing, harvest-

ing, and handling crops will make it easier to produce

and market commodities free of mold damage.
However, damage and contamination with aflatioxin

may occur despite the most strenuous efforts directed

at prevention. Accordingly, other approaches must
be considered, fully recognizing that they are to be

applied only if preventive measures have failed and

not as an alternative to good practice. As Banes (6)

has stated: "It has been demonstrated repeatedly

that the levels of aflatoxins in peanuts correlate

with the proportion of broken shells in the lot and

with the number of shrivelled, rancid, and disco-

lored kernels. When this substandard material is

separated and discarded, the remaining high-quality

nuts are virtually free of aflatoxins." Ashworth
and others (5) reported that an average of 0.3 per-

cent of the seeds in lots of contaminated cottonseed

accounted for essentially all of the aflatoxins iso-

lated from cotton seeds. Analogous statements

could doubtless be made for many other commodi-
ties.

The vast majority of the aflatoxin in contami-

nated materials that we have examined resided in a

relatively small number of seed. This affords an ex-

ceptional opportunity for efl'ectively yet economical-

ly reducing the aflatoxin content by mechanical re-

moval of those seed or kernels that may have be-

come contaminated.
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The peanut industry practiced culling to select

only high-quality peanuts for food products long

before the discovery of aflatoxins. This culling is

typically accomplished by screening at shelling

plants, by removing discolored kernels by hand sort-

ing on picking tables, by various mechanical sorters,

or by electronic sorting devices that examine each
kernel separately and either pass or reject it on the

basis of color when scanned by a photoelectric cell.

With the recognition of the aflatoxin problem this

culling of peanuts for food products has been in-

tensified. Segregation after splitting peanut kernels

may be necessary to eliminate completely the afla-

toxin that results from mold invasion of the interi-

or not manifested on the outer surface. Kensler

(23) stated that in a series of experimental runs, it

was demonstrated conclusively that suspect materi-

al can be removed from raw peanuts by electronic

and manual picking procedures, although further

improvement resulted when the picking procedures

were repeated following roasting and blanching.

The U.S. peanut industry adopted a Voluntary Code

of Good Practices for Purchasing, Handling, Stor-

age, Processing, and Testing of Peanuts (29). It is

suggested that the Code be consulted for specific

details as to procedures to be used and for monitor-

ing their effectiveness. The peanut industry has done

an outstandingly effective job in safeguarding from

the danger of aflatoxin and, paradoxical as it may
seem., the American public is now getting higher

quality peanuts and peanut products than ever be-

fore.

Table 1.—Separation of aflatoxin contaminated shelled peanuts with Zig-Zag Separator

Bottom's recycled

Fraction

No.
ftO

Total

wt.

Total

Bi

1

2

3

4

5

6

7

8

9

In. Pet. ug./kg. Pet. ug./kg. ug./kg. ug./kg

4.2 7.9 10,700 40.1 1,070 250 140

4.3 4.1 7,140 14.0 910 250 140

4.6 19.3 4,550 41.7 150 ND' ND'
4.9 18.7 145 1.3 85 ND' ND'
5.1 18.5 285 2.5 107 ND' ND'
5.3 14.0 14 0.1 2 ND' ND'
5.5 8.5 86 0.3 17 ND' ND'
5.7 4.7 7 tr ND' ND'

4.1 ND' 0.1 tr ND' ND'

'ND—None detected.

Table 2.—Separation of aflatoxin contaminated shelled peanuts with Zig-Zag Separator

Over's recycled

Fraction

No. HO Total wt. Bi Total B B G^ G

In. Pet. Mg./kg. Pet. f^g./kg. fB-/kg. fg./kg.

1 5.8 • 3.1 7 0.2 ND' ND' ND'

2 5.6 4.3 7 0.2 ND' ND' ND'

3 5.5 7.8 715 4.2 215 ND ND
4 5.3 15.7 17 0.2 ND ND ND
5 5.1 17.3 165 . 2.1 40 ND ND
6 4.9 16.1 1,330 16.0 tr ND ND
7 4.7 13.7 1,665 17.1 tr ND ND
8 4.4 9.8 1,330 9.7 200 1,330 ND
9 4.2 4.5 5,440 18.3 1,600 ND ND
10 7.5 5,715 32.0 1,140 1,140 314

'ND—None detected
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The possibility of using air classification to sep-

arate aflatoxin contaminated peanuts from noncon-

taminated peanuts has been explored in cooperation

with Anderson Clayton and Company, Stanford

Research Institute, and Scientific Separators Incor-

porated. Air classification was accomplished by

means of a Zig-Zag Separator supplied by Scientific

Separators, Incorporated of San Gabriel, Calif. In

this separator a current of air was forced up

through a zig-zag chamber into which was fed the

material to be separated. A single lot of highly con-

taminated imported peanuts (ca. 2,000 p. p. b. afla-

toxin) was used. Results of one run in which nine

cuts were taken while increasing the static air pres-

sure from 4.2 to 5.7 inches of water are shown in

table 1. In this run the heavy material that passed

downward through the air stream was recycled.

About 96 percent of the aflatoxin Bi was contained

in three cuts comprising 31 percent of the peanuts

and that several fractions, totaling about 23 percent,

had less than 30 p. p. b. of total aflatoxin despite the

relatively high aflatoxin content of the original

sample.

In another run (table 2), the reverse procedure
was used, that is, the air pressure was progressively

reduced from 5.8 to 4.2 inches of water, and the

material picked up by the airstream (passing over-

head) was recycled. Again, there was considerable

concentration with some 93 percent of the aflatoxin

concentrated in about 50 percent of the product.

Here, too, about 23 percent of the product was ob-

tained with less than 30 p. p. b. total aflatoxin. Again,

the trend was for the peanuts most highly contami-

nated with aflatoxin to be the lighter nuts. These re-

sults indicate that air separation could be a useful

tool for reducing aflatoxin contamination in pea-
nuts. Further experimentation is needed to deter-

mine optimum parameters and economic feasibility

but it appears that this simple type of separation
could reduce the amount of hand sorting that might
otherwise be required.

A projection device to separate infested from
noninfested grain kernels has been described by
Katz, Farrell, and Milner (^). Holzenthal and others

in 1956 (21) demonstrated that cottonseed can be sep-

arated into fractions of different quality by use of

a projection device. Dollear and Gardner {W in 1966

reported on experiments to determine whether
projection might be useful in separating aflatoxin

contaminated cottonseed. In one trial in which delin-

tered cottonseed containing 40 to 80 p.p.b. of afla-

toxin Bi was used more than 63 percent of the afla-

toxin Bi was concentrated in about 6 percent of the

seed and about 85 percent was concentrated in 25

percent of the seed. Although the separation was
not so effective as might be desired, it did indicate the

potential of projection for separation of aflatoxin

contaminated cottonseed. Unfortunately, in another

experiment, with another lot of seed, little or no

separation was achieved. It appears likely that two
diflferent types of aflatoxin contaminated were en-

countered in these two lots of seed. In the first lot

the contamination probably occurred before har-

vest. The second lot of seed had been subjected to

biological heating in storage and the mold, and the

resulting aflatoxin, had spread throughout the whole

mass of seed. This type of separation is apparently

ineffective with seed contaminated with aflatoxin in

this way.

A method for mechanically sorting cottonseed

lots to remove aflatoxin contaminated material has

been reported by Ashworth and others (5). The meth-

od is based on the observation that cottonseed lots

free from greenish-yellow fluorescent (GYF) seed

are not likely to contain aflatoxin. Their experiments

were conducted with a commercial machine used in

the food processing industry for sorting damaged
from undamaged almonds. This machine makes
separations on the basis of the amount of energy

reflected from particles illuminated in ultraviolet

light. Their results showed that it is feasible to sort

GYF gin-run seeds but not GYF mechanically delint-

ed seeds from seed lots. Some of the results ob-

tained with gin-run seed are given in table 3. It will

be noted that the sorting machine was 100 percent

effective in sorting one GYF seed/kg. of gin-run seed

and was never less than 91 percent effective at levels

up to 150 GYF seeds/kg. This corresponds to about

1.5 percent of the seeds in the sample. The mean
aflatoxin content of five replicate gin-run samples

having 150 GYF seeds/kg., the highest level tested,

was reduced from 880 p.p.b. to 33 p.p.b.

Table 3.—Percent GYF seed removed and aflatox-

in content of unsorted and sorted sam-
ples of gin-run cottonseeds

Fluorescent

seed/kg.

Percent

removed

Aflatoxin content,

(B. + B;, total) p.p.b.

No.'

1

10

25

50

100

150

Unsorted Sorted

ND^ ND-
100 19 19

94 43 ND-
96 86 ND-
94 154 5

92 442 15

91 883 33

'These numbers of seeds are approximately equal to, respec-
tively, 0, 0.01, 0.1, 0.25, 0.5, 1, and 1.5 percent of the total seeds
per sample, on a numerical basis.

-ND—None detected.
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Removal by extractio}t:—The feasibility of

removing aflatoxin by a simple washing or "launder-

ing" operation, for example, washing whole peanut
kernels with water or dilute alkali, has been the ob-

ject of much discussion. The aflatoxin contents of

different parts of peanut kernels containing large

amounts of aflatoxin have been determined (W, and
high concentrations of aflatoxin were found deeply

embedded in individual peanut kernels. Accordingly,

even if simple laundering of whole or split peanuts
removed superficial aflatoxin, effective removal
would not be realized.

On the other hand, good potential for removing
aflatoxin is ofl'ered by extraction with solvents during

the processing of various oilseeds, such as cotton-

seed and peanuts, to oil and meal. Current processing

practices, either mechanical expression or extraction

with commercial hexane, leave in the defatted meal
the vast majority of any aflatoxin that may be pre-

sent in the seed. Several possibilities exist to remove
aflatoxin from oilseed products. These include (1)

extraction of aflatoxin from meals with appropri-

ate solvents, (2) simultaneous extraction of oil and
aflatoxin from flaked meats or prepress cake with

appropriate solvents, and (3) selective extraction of

amounts of oil or meal components leaving a full

fat product, free of aflatoxin, available for con-

ventional oil extraction.

Perhaps it would be well at this time to note that

removal of aflatoxin from oils presents no problem.

Crude oils may contain various amounts of aflatoxin

depending upon the raw material used and the condi-

tions used in processing. However, Parker and Mel-

nick {.JO) have established quite conclusively that

conventional processing of cottonseed and corn oil,

deliberately prepared to contain high levels of afla-

toxin (more than 100 p.p.b. of B i ), removes essen-

tially all the aflatoxin. Reflning with aqueous sodium

hydroxide removed much the greatest part of the

aflatoxin. After bleaching with A.O.C.S. Official

Bleaching Earth, the oils contained less than 1 p.p.b.

of aflatoxin. It would be reasonable to infer that

aflatoxin would also be removed from other oils by

conventional refining, water washing, and bleaching.

Accordingly, although there may be a problem with

aflatoxin in crude oils there appears to be no problem

with conventionally processed oils.

Sreenivasamurthy and others (38) studied the

efficacy of various aqueous solutions for the extrac-

tion of aflatoxin from contaiminated peanut meal.

They found that calcium chloride showed promise as

it extracted 80 percent of the toxin but only 6 per-

cent of the protein in three extractions. They found

also that in the prepartion of protein isolates, addi-

tion of calcium chloride at neutral pH instead of

acid precipitation at isoelectric pH prevented nearly

80 percent of the toxin from going with the protein

fraction.

A solvent system of acetone-hexane-and-water

originally developed and investigated on a pilot-plant

scale to remove gossypol along with oil from pre-

pared cottonseed meats (25) was found also to re-

move aflatoxin readily and quantitatively from
ground peanuts or peanut meal while removing rela-

tively little extraneous material other than oil (35_).

This solvent mixture has been proposed as a practical

system in processing peanuts to oil and aflatoxin

free meal. Removal of about 90 percent of afla-

toxin from a prepressed peanut cake by use of an

acetoive-hexane-water azeotfope in a pilot plant con-

tinuous immersion-type extractor has been reported

by Dollear and Gardner (IS). In batch solvent extrac-

tions the total aflatoxin content has been reduced by

98 to 99 percent with a solvent containing 56 percent

acetone, 42 percent hexane, and 2 percent water by
weight. Mixtures of hexane-methanol, hexane-

ethanol, hexane-ethanol-water, and hexane-acetone-

water were evaluated by Vorster (ii). Promising re-

sults were reported to have been obtained with all of

these solvents using a Soxhlet apparatus on a labora-

tory scale as in each case the percentage of aflatoxin

in the meal was reduced considerably. Greatest re-

duction was obtained with hexane-acetone-water and

hexane-methanol.

Aflatoxin may be removed from contaminated

oilseed cakes by extraction with aqueous acetone.

Removal of up to 87 percent of aflatoxin from a

peanut meal using 90 percent acetone in continuous

pilot-plant equipment and extraction conditions and

equipment simulating those found in the peanut

industry was also reported by Dollear and Gardner
(IS). The presence of some water appears to facili-

tate removal of aflatoxin or the release of aflatoxin

into the extracting solvent.

Extraction of cottonseed flakes with acetone

containing 25 to 30 percent water has been reported

to remove essentially all the gossypol, most of the

free fatty acids, half the raffinose and negligible

quantities of neutral oil and protein yet to be ef-

fective for the removal of aflatoxin (Ji). Reduction

of aflatoxin by 96 to 98 percent was reported. The
residual, essentially full-fat, product now essen-

tially free of any aflatoxins that may have been

present then can be followed by oil extraction by

any conventional means. This solvent system is po-

tentially applicable to peanuts and other oilseeds

also.
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Recently, we have investigated the use of alco-

hols for the removal of aflatoxin from contami-

nated cottonseed and peanut meals. Isopropanol has

been approved by the FDA as a solvent for the pro-

duction of edible fish flours and aqueous isopropanol

has been reported by Rayner and DoUear (J^) to be an

effective solvent for removal of aflatoxin from
contaminated cottonseed and peanut meals. The ef-

fect of temperature, amount of solvent and water

content of the solvent was studied. Six extractions

with an equal weight of 80 percent aqueous isopro-

panol at 60° C. resulted in complete removal of af-

latoxins from both meals as measured by thin layer

chromatography. Extraction with the isopropanol-

water azeotrope (87.7 percent isopropanol by weight)

was less effective resulting in only about 80 percent

reduction of aflatoxin content and 100-percent iso-

propanol was even less efl'ective as only 39 percent

of the aflatoxin was removed under the same condi-

tions. Low temperatures were also less efl'ective. The
effect of solvent and temperature on extraction of

aflatoxins from peanut meals using 100 percent iso-

propanol, 80-percent isopropanol, and the isopropan-

ol-water azetrope is shown in figure 1.

Extraction of oilseed meals with any aqueous

solvent removes some water soluble materials. In

extraction with 80 percent aqueous isopropanol at

60° C, 8.7 percent solids were removed from cotton-

seed meal and 9.5 percent from peanut meal. As
would be expected, smaller amounts of water solu-

ble material were extracted by isopropanol contain-

ing lesser proportions of water. Good reduction in

aflatoxin content of contaminated cottonseed and
peanut meals was also obtained by extraction with

95-percent ethanol.

It appears, then, that although the prospects

for removal of aflatoxin from intact seed such as

peanut kernels by means of solvents is not good,

several solvent systems may be quite suitable for

use in the preparation of meals or flours, especially

solvent systems based on alcohols such as isopropan-

ol or ethanol or on acetone. Such solvent systems
have the advantage that under suitable conditions

they can remove essentially all the aflatoxins with

little likelihood of forming from the aflatoxins

products having adverse physiological activity and
without appreciable reduction of protein content or

of its nutritional quality. On the other hand, there

are the cost of additional processing, the need for

special extraction and solvent recovery equipment,
and the loss of some water soluble components of

the residual meals, chiefly carbohydrates. Also, in

the case of acetone containing solvents adverse ef-
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fects on flavor have sometimes been noted, presum-

ably as a result of reaction with acetone condensa-

tion products such as diacetone alcohol and mesityl

oxide.

Inactivation

Finally, there is the possibility of degrading,

destroying or otherwise inactivating the aflatoxins,

for example, by heat, or chemical or biological meth-

ods. Any such treatments must, of course, not only

inactivate the aflatoxins but also leave unimpaired

the nutritive value of the material processed and
leave no deleterious residues. Numerous treatments,

mainly empirical, have been proposed but much of

what has been reported is sketchy and contradictory

and, until recently, little has been said about the nu-

tritive value of the treated products.

The possibility of destroying aflatoxin by gam-
ma radiation is a subject of frequent speculation.
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Feuell {17) has reported that peanut meal contained

in a thin polyethylene bag exposed to gamma rays at

a dosage of 2.5 megarads showed no apparent dif-

ference from an unirradiated control meal when
examined by a flourescence test. In feeding trials

with ducklings, birds ingesting either the irradiated

or control meals died within a few days and showed
severe liver lesions, both meals giving indistinguish-

able results. Instability of aflatoxins on exposure to

ultraviolet has been reported by Pons and others (32)

and more recently by Andrellos and others (3). The
latter workers reported that the principal photoprod-

uct developed from aflatoxin Bi is significantly less

toxic than the parent aflatoxin. On the other hand,

Feuell (17) found no apparent change, as judged by

the flourescence test, when peanut meal was exposed

in a thin layer 10 cm. beneath an ultraviolet lamp
for 8 hours. When suitable extracts were dosed to

ducklings, they died in a few days with severe liver

lesions.

Many investigators who have studied the pro-

duction of aflatoxin have observed that the concen-

tration of aflatoxin typically increases to a maxi-

mum and then declines. Accordingly, this indicates

the possibility of degradation of aflatoxin by micro-

biological methods. Ciegler and others (9) have inves-

tigated microbial detoxification of aflatoxin. Ap-
proximately 1,000 organisms representing yeasts,

molds, mold spores, bacteria, actinomycetes, and

algae were screened for their ability to destroy or

transform aflatoxins B i and G i. Some molds and
mold spores partially transformed aflatoxin B i to

new fluorescing compounds. Only one of the bacteria

tested, a flavobacterium, Flavobacterium aurantia-

cum (NRRL B-184), removed aflatoxin from solu-

tion. Aflatoxin-contaminated milk, corn oil, peanut

butter, peanuts, and corn were completely detoxified

and contaminated soybean was partly detoxified by

cells of F. aurantiaciim. Duckling assays showed
that detoxification of aflatoxin solutions by B-184

was complete, with no new toxic products being

formed. Degradation of aflatoxins by Tetrahymena

pynformis W has been studied by Teunisson and

Robertson (^). They found that T. pyriformis W
altered aflatoxin Bi to an unknown, bright fluores-

cent substance but did not alter aflatoxin Gi

.

The eff'ect of heat has been studied by several

groups and some of the early reports are contradic-

tory. A detailed study of the effect of heat and

moisture on aflatoxins in oilseed meals has been

made by Mann, Codifer, and DoUear (28). Treat-

ments at 60° and 80° C. resulted in very little reduc-

tion of aflatoxin but definite reduction was obtained

at 100°. The eff'ect was enhanced by increasing times

of heating and by increasing moisture contents.

About 80-percent.reduction in aflatoxin was achieved

by heating for 2 hours at 100° at 20-percent mois-

ture. They concluded that although increased mois-

tui'e content results in increased destruction of af-

latoxin, heat and moisture alone do not supply a very

satisfactory method to inactivate or remove afla-

toxin from oilseed meals.

Roasting of individual peanuts (half ker-

nels) under conditions simulating those that might be

used for the production of peanut butter resulted

in an average reduction after roasting of about 70

percent for aflatoxin Bi and 45 percent of aflatoxin

B2 (27).

Preliminary observations have been reported

resulting from the screening of numerous chemical

reagents—acids, bases, salts, epoxides, oxidizing and

reducing agents to determine if aflatoxin could be

eliminated or inactivated by chemical treatment {3,

13, 18). Trager and Stoloff (4/ ) have recently reported

on a number of reactions for possible usefulness

in detoxification procedures. Most of the reagents

tested were oxidizing agents. The reactions appear to

be primarily addition and oxidation involving the

olefinic double bond of the terminal furan ring and

oxidation involving the phenol formed on opening

of the lactone ring. Benzoyl peroxide and osmium
tetroxide were reported to react with aflatoxins B 1

and G but not with B2 and G2 but NaOCl, KMn04,
NaB02, and 3 percent H2O2 -1- NaB02 (1 + 1) reacted

with B 1, B2, G I, and G2. Detoxification after contact

with gaseous chlorine, chlorine dioxide, and nitrogen

dioxide and after treatment with 5-percent NaOCl
solution was confirmed by bioassay.

Results of experimental work on peanut meal

involving treatment with various chemicals including

aqueous sodium hydroxide and hydrochloric acid,

and gaseous propylene oxide, sulfur dioxide, and

chlorine were summarized by Feuell (17). For prelim-

inary tests suitable extracts from a highly contami-

nated peanut meal were treated in dilute ethanol and

the treatments evaluated by the duckling test. Under

the conditions used the effective treatments were

hydrochloric acid, chlorine and—with reservations

—sulfur dioxide as judged by the absence of liver

lesions. The result with alkali was doubtful as

severe liver lesions were present although the treat-

ment resulted in an increased equivalent mean lethal

dose. Propylene oxide was apparently without effect.

Treatments with chlorine and sulfur dioxide were

extended to peanut meal and Feuell reported that

these treatments reduced the toxicity of the meal to

ducklings but did not prevent liver lesions. Feuell has

warned that chlorinated fats and proteins can be

highly toxic.
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A systematic study of detoxification of peanut

meal by hydrogen peroxide was very recently report-

ed by Sreenivasamurthy and other (39). Suspension

of a defatted peanut meal in water to give 10-per-

cent solids, adjustment to a pH of 9.5 with strong

alkali, and treatment with an equal weight of 6 per-

cent hydrogen peroxide at 80° C. for V2 hour result-

ed in destruction of 97 percent of the aflatoxin pre-

sent, 90 mg./kg. (90 p.p.m.). Duckling tests indicated

that the hydrogen peroxide treatment effectively de-

stroys the toxicity. It was concluded that since the

treated and untreated meals had essentially the same
PER (2.52 compared with 2.42) and as the treated

product did not have a residual smell or taste, the

treatment can be applied to edible peanut meal. Be-

cause of the high dilutions (10 percent solids) used,

such treatments with hydrogen peroxide might be

attractive for detoxification of protein beverages,

isolates, and milk. Dorp and others (IJ) found that

succinic acid is formed as a result of hydrogen per-

oxide oxidation.

Results of an extensive screening of various

chemicals applied to a contaminated peanut meal
were reported by Dollear and Gardner (i^). More
detailed studies were conducted with the most prom-
ising reagents: ammonia, methylamine, sodium hy-

droxide, and ozone. Some typical results obtained

with a peanut meal containing 70 p.p.b. of aflatoxin

Bi, 30 p.p.b. of aflatoxin B2 and 11 p.p.b. of afla-

toxin Gi or a total of 111 p.p.b. are summarized be-

low. When this meal was cooked with sodium hydrox-

ide (2 percent of the weight of the meal) and 30-

percent moisture for 2 hours at 100° C. only a trace

of B I remained, no B2 was discernible, and four

p.p.b. of Gi was detected. Under the same conditions

but using methylamine (1.25 percent of the weight

of the meal) resulted in destruction of all but bare-

ly detectable traces of each of the aflatoxins. Treat-

ment of the meal with ammonia gas was also ef-

fective in reducing the aflatoxin content to barely

detectable traces. The conditions used were 0.25 hour,

15-percent moisture, 163 ° F, 43 p.s.i.g. and 6.7-per-

cent concentration of ammonia. The nitrogen con-

tent of the meal was increased by 0.46 percent as a

result of the treatment. Treatment of the meal
with ozone was somewhat less effective, the ozone

being more effective for inactivating aflatoxin B 1

than the more saturated aflatoxin B :. After treat-

ment of 800 g. of the peanut meal containing 30-

percent moisture for 2 hours at 100° with a stream

of ozone gas at the rate of 1.5g. per hour, 5 p.p.b.

aflatoxin Bi, 10 p.p.b. aflatoxin B2, and 3 p.p.b. afla-

toxin C remained.

Biological Evaluation of Treated Meals

The peanut meals, originally containing 111

p.p.b. total aflatoxin and treated with sodium hy-

droxide, ammonia, methylamine, and ozone, and a

meal extracted with aqueous acetone were subjected

to various chemical analyses and to biological evalua-

tion (12). None of the treated peanut meals nor the

90-percent acetone extracted peanut meal produced

any observable liver damage in the duckling test but

some of the treatments appeared to result in some
reduction in protein quality as judged both by physi-

co-chemical characteristics and protein efficiency ra-

tios (PER). The nitrogen solubility and available lys-

ine content were reduced by some of the treatments.

The greatest changes resulted from treatments with

sodium hydroxide and ozone: Forlysine from

2.8g./16 g. N. to 2.4 and 2.5, respectively, and for

nitrogen solubility from 82.4 percent to 55.9 and 59.2

percent, respectively. Acetone extraction produced no

change in available lysine and only a small reduction

in nitrogen solubility, to 79.6 percent. The best

weight gains and PERs were observed with the 90

percent acetone extracted peanut meal and the lowest

with the ozone treated meal (12).

Summary

So—where do we stand? I have indicated that

unquestionably the best approach to contain the af-

latoxin problem is prevention. Although even our

best efforts at prevention cannot be expected to be

100 percent successful, enough is now known about

prevention to reduce contamination drastically.

For such oilseeds as peanuts and cottonseed as

may become contaminated, it is clearly technically

feasible to reduce the aflatoxin content of derived

products to well below 30 pg./kg. Simple sorting or

separation, such as hand picking, electronic sorting,

or air classification, can concentrate the vast majori-

ty of aflatoxin contaminated kernels into relatively

small fractions. But further improvement in meth-

ods for physical separation by simple mechanical

means should be sought. Extraction with certain so-

lvents to achieve essentially complete removal of

aflatoxins is also technically feasible. Heat, alone, is

relatively ineffective but simple roasting, such as the

usual roasting of peanuts as for the preparation of

peanut butter, results in significant reduction in af-

latoxin content and affords a certain margin of

safety for such products. Treatment with Flavo-

bacterium aurantiacum removes aflatoxin from sol-

ution and may be useful for eliminating aflatoxin

in beverages. Treatment with hydrogen peroxide
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may also be useful for beverages. Certain other

chemical treatments are effective. For example,
treatment with ammonia can destroy aflatoxin with

relatively little damage to protein quality.

Although the parameters of time, temperature,

and moisture have been investigated for various

treatments, additional research is needed to deter-

mine optimum conditions for essentially complete

elimination of aflatoxins with minimal damage to

protein quality. More research is needed to provide

information on which to base a selection of the

most suitable process for detoxifying a specific

product in a given location. This will require addi-

tional engineering data on the various processes and
studies of the economics and costs. Also, little is yet

known about the chemical nature of the products

formed from the aflatoxins when they are de-

stroyed by heat or added chemicals and more exten-

sive biological evaluation of detoxified products is

indicated. Finally, I should note that nothing has

been said here about the hydroxylated aflatoxins and
consideration should be given to the aflatoxins M i

and M: in particular.
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DISCUSSION

Question: It would be desirable to detoxify

without adding water as that increases costs exces-

sively. A gaseous treatment would be preferable. In

Farica, crude peanut oil is still used. A gaseous treat-

ment for peanuts would be desirable. Have gaseous

treatments been studied? What would be the cost of

removal or destruction of aflatoxin?

Chairman: This question emphasizes the import-

ance of economics in the process required to detoxi-

fy materials. Obviously, with peanut flours, which

we hope to see produced, or have seen produced in

some cases, for as little as 6 to 8 cents per pound, the

additional cost of detoxification might loom very

large.
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We can all agree that probably aqueous methods

are too expensive, unless you are going to make an

isolate from it. But, on the other hand, one wonders

whether there has been enough exploration of gas-

eous treatments; presumably gases that will pene-

trate the kernels sufficiently to detoxify the afla-

toxin. Do you have any comments on that?

Dr. Goldblatt: Several groups have looked at

various gases. Feuell has commented on propylene

oxide, sulfur dioxide, and chlorine. I think we would

all want to avoid the use of chlorine. We have

worked with ammonia and that is one of the reasons

why we did work with ammonia because it is a gas.

We also worked with methylamine. Both were ef-

fective. At one time we had good hopes for ozone

but now I am not very optimistic. There was too

much degredation of the treated meal as shown by

the low PER.
As far as cost was concerned, maybe it is un-

fair, but I would like to turn that question over to

Henry Vix.

Mr. Vix: I think that the cost of a few cents per

pound will detoxify contaminated peanut meals by a

solvent procedure or by treatment with ammonia.
That is a ballpark figure so don't hold me any closer

than a few cents per pound. Hopefully, we can do

that at 3 or 4 cents per pound at the most.

Question: My point is that I was intrigued by the

statement, "with some reservations SO:." Would you

care to comment on that a little bit?

Dr. Goldblatt: The question dealt with: "Why the

phrase, 'some reservations with SO :?' when refer-

ring to efficacy of detoxification of various treat-

ments."

The reasons for the reservations are that the

biological data were not clear-cut. There was indica-

tion of a residual toxicity in the meals after treat-

ment with SO 2. The ducklings did not develop liver

lesions but they all died. That is what the "some re-

servations" dealt with.

Chairynaii: I can tell you also from personal

experience that you destroy any thiamine there very

completely.
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CRITICAL EVALUATION OF THE USE OF ACETONE
IN SOLVENT EXTRACTION PROCESSES

by

H. L. E. Vix, H. P. Dupuy, and M. G. Lambou
Southern Utilization Research and Development Division

New Orleans, La.

(Presented by H. L. E. Vix)

Upgrading cottonseed meal into a high quality

protein flour suitable for use in food formulations

has been studied extensively at the Southern Utiliza-

tion Research and Development Division (SURDD)
(6, 12). Such a product should find use throughout the

world, domestically and, particularly, in developing

countries where there is urgent need for food pro-

tein (9, 15). In many of the developing countries cot-

tonseed is already available, but the technology to

convert it into an edible source of protein is still

lacking. Some progress has been made commercially

to upgrade meal and to prepare food flours from
glanded cottonseed. However, the challenge remains

to develop a commercial process whereby a flour may
be produced from glanded seed in which the gossy-

pol is substantially removed without lowering the

nutritive quality of the protein in the original seed.

This afternoon Mr. Gastrock and Mrs. Martinez

reported research results on liquid and air classifi-

cations to obtain high quality protein flours from
glanded cottonseed (6', H). It should be noted that

these products were made using only hexane and
were based on mechanically separating intact pig-

ment glands from defatted cottonseed meal.

Acetone is a major component of solvent mix-

tures studied in the preparation of high quality flour

and oil from glanded cottonseed {2, 7, U). This paper

presents a critical evaluation of the results of these

investigations. Various solvents, such as acetone

(with a little water), rupture or break pigment

glands, and remove most of the gossypol. Acetone
was found to be a better solvent than other polar

solvents for removal of gossypol. Early work estab-

lished its effectiveness in analytical procedures.

Researchers at the SURDD have demionstrated

certain advantages of using a mixture of acetone,

hexane, and water rather than acetone alone. This

three-component solvent mixture was used for the

individual contributions of each solvent toward

efficient and relatively complete extraction of oil,

gossypol, cyclopropenoid fatty acids, and other

components from cottonseed. Hexane is a good so-

lvent for the removal of the oil, but has no effect on

removal of gossypol. Acetone, together with a little

water, readily ruptures the pigment glands, extracts

gossypol, and aids in release and extraction of oil,

and removes undesirable components.

Other reasons for using such a solvent mixture

instead of acetone alone are:

(1) Reduction in cost of the solvent used for

extraction— acetone costs approximately 43$

per gallon (6.5$ per pound) compared with

hexane at 16$ per gallon (2.8$ per pound);

Reduction in steam required during oil and

meal recovery operations, since the latent

heat of vaporization of commercial hexane

(2)

ACETONE WT%

HEXANE WT.%

Figure 1.—Ternary diagram—hexane, acetone, water.
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is 143 BTU's per pound compared with 222

BTU's for acetone; and,

(3) Improvement in desolventization of the

meal because the presence of hexane and
water aid in stripping out the residual ace-

tone in the meal.

Figure 1 is a phase diagram showing every possi-

ble combination of acetone, hexane, and water. Any
point within the ternary diagram will add up to 100

percent. Some combinations such as those with much
acetone or little water are completely miscible. Oth-

ers, such as those with much water and hexane, are

not completely miscible and form two layers. The
heavy, curved line divides the miscible area above

from the immiscible area below. Many mixtures of

these three solvents were studied at SURDD, but the

principal ones extensively investigated were:

(1) 57 percent acetone, 39-percent hexane, 4-per-

cent water, by weight;

(2) The azeotrope, 45.1-percent acetone, 53.5-

percent hexane, 1.4-percent water by weight;

and

(3) 39-percent acetone, 60-percent hexane, 1-

percent water, by weight.

There are certain advantages and disadvantages

to each.

Dr. Frampton and his associates at SURDD,
favored the first two outlined above {^, ^, 10). These

showed quicker extraction of the oil and gossypol,

and a final meal product with an EAF lysine content
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of over 4g./16g.N. The principal disadvantages were

that departures from conventional extraction opera-

tions were necessary, because such solvent mixtures

wet the marc appreciably with water (up to 20 per-

cent). This condition also presented some problems

during desolventization operations.

In the pilot-plant development by the Engineer-

ing and Development Laboratory, the third mixture

was selected because conventional extraction equip-

ment, such as basket extractors, and oil and meal

recovery systems could be advantageously used. This

solvent mixture did not wet the marc during extrac-

tion, and consequently fewer problems were encoun-

tered in extraction and desolventization operations.

The disadvantage was that oil and gossypol extrac-

tion was somewhat slower, and longer extraction

times were required.

The pilot-plant process developed for producing

the high grade flour is given in the flowsheet, figure 2,

(J,_r). It is based on operations conventionally em-
ployed by the cottonseed industry for direct extrac-

tion of cottonseed flakes with commercial hexane.

Processing steps include preparing of cottonseed

meats and flakes, extracting of the flakes in counter-

current basket type extractors, oil desolventizing and

reflning, and meal desolventizing. Auxiliary equip-

ment necessarv to handle the solvent mixture rather

than hexane alone is included. A method, taking ad-

vantage of the diflferences in dielectric constants of

the components of the solvent mixture, is used to

analyze, continuously, the mixed solvent recovered

from the acetone-hexane-water extraction of cot-

tonseed, and to correct, automatically, any deviation

from the desired composition. In pr-oducing high

grade food flour from cottonseed by such a process,

several approaches were investigated to obtain high

quality oil. Using conventional oil recovery opera-

tions, that is, evaporation and stripping under high

vacuum, followed by prompt refining, a high quality

oil was obtained. Miscella refining showed potential

use and affords some advantages to offset the cost of

such an installation. However, research is needed to

determine if the presence of acetone during miscel-

la refining produces condensation products such as

diacetone alcohol and mesityl oxide. Studies are

needed to show if these contaminants can be re-

moved through subsequent bleaching and deodoriz-

ing operations.

The pilot-plant operation illustrated here was
conducted by SURDD quite extensively. Many tons

of prime cottonseed were processed, yielding about

10,000 pounds of the meal or flour for use in

various evaluations. Table 1 outlines the chemical

properties of typical meals and flours. Sample No.

Table 1.—Analyses of typical meals and flours after extraction with acetone mixtures

Solvent Hexane Acetone-hexane-water Aqueous acetone/

anhydrous acetone

Sample No.

Sample

no.

80176

Sample

no.

73197

Av. of sample nos.

79073

79074

Sample

no.

M3&6'

Sample

no.

78822

Moisture, pet.

Lipids, pet.

Nitrogen, pet.

Protein, pet.

Nitrogen solubility, pet.

Free gossypol, pet.

Total gossypol, pet.

Ash, pet.

Crude fiber, pet.

EAF, lysine, g./16g.N

1 pet. HiO 1 pet. H:0 ipct.HiO

10.0 5.6 9.7 10.72 2.0

1.55 .80 .83 .14 .32

8.77 9.28 8.35 9.22 11.31

54.8 58.0 52.2 57.6 70.8

70.6 97.8 91.6 89.8 96.1

.06 .02 .025 .023 .01

.94 .17 .25 .30 .13

7.58 8.05 8.60

3.5 3.0 5.9 3.4 2.5

3.15 4.0 4.0 4.0 3.96

'Commercial prepress hexane extracted cottonseed meal of food quality.

ED Run #42, UNICEF No. CF-21 (39 pet. acetone-60 pet. hexane-1 pet. water by weight).
Combined pilot plant runs (39 pet. acetone-60 pet. hexane-1 pet. water by weight).
'Mann, G. E., Carter, F. L., Frampton, V. L., Watts, A. B., and Johnson, Charles, "Evaluation of Cottonseed Meals Prepared by Ex-
traction with Acetone-Hexane-Water Mixtures," Jour. Amer. Oil chemists' Soc. 39, 86-90 (1962), table 2. (57 pet. acetone-39 pet.

hexane-4 pet. H:0 by weight).

Extracted with aqueous acetone (30 pet. H;0) followed by anhydrous acetone.
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80176 represents a prepress hexane-extracted meal
used commercially in food preparations. It is includ-

ed in the table as a typical commercial product and is

used for purposes of comparison. Improvements to

be noted as a result of extraction with acetone or

acetone-containing mixtures include (a) lower lipid

content, (b) significantly higher nitrogen solubility,

(c) lower free gossypol content, (d) significantly low-

er total gossypol content, and (e) higher EAF lysine

value.

Some of the meals outlined in table 1 have been

sent to various investigators for evaluation of nu-

tritive quality, principally in animal feeding tests.

Results of these tests are outlined in table 2. Ani-

mals used included swine, broilers, chicks, rats, and

baby pigs, as well as humans. Protein efficiency ra-

tios (PER) are given whenever available. In some
instances data were reported in terms of food con-

versions which are equivalent to the food consumed
divided by the gain in weight. In another instance, in

Table 2.—Collaborative Evaluation of nutritive quality of AHW-extracted cottonseed meals and flours

(Solvent mixture—1% H:0 except sample 78164—4% HO)

Sample

of

Number Type Animal

Number
used

Percent

protein

in diet

PER values

Feed

conversion

Relative

nutritive

value

Average

Daily gain

Exp. control Exp. control Exp. control Exp. control Investigator

73197' Flour Male

weanling

rats

2
groups

8/

group

10 2.36 2.5-' Howe(Merck)

Gimilan(Merck)

Milner(UNICEF)

73197" Flour Male

weanling

rats

10/

Group

10/

Group

10

18

3.0 2.7'

4.6 4.8

(2-wk.growth

study)

Barnes

Cornell Univ.

79395' Flour Baby

pigs

4/

Group
15 (') (') Barnes

Cornell Univ.

79073

79074

Meal Rats

Swine

10/

Group

16

16.4

2.74 2.99-'

2.58

1.5 to 1.53^ Stevenson

USDA.Beltsville

79034 Meal Swine 16 1.84 1.86^ Lyman
Texas A&M

79434^ Flour Rats 6/

Group

59.49 100- Hegsted

Harvard Univ.

79073/

79074

Meal Broilers 2.34 2.09^

2.33

Denton

USDA.Beltsville

79073/

79074

Meal Broilers 2.08 1.98-^

2.06

Heywang
USDA,Arizona

78164 Meal Chicks 16 2.12 2.3^ Watts

LSU

73197' Flour Humans 7
('") (') Graham

Baltimore City

Hospital

Feed conversion is equal to feed consumed divided by weight gaines.

Value on a scale of 100 using lactalbumin as the control at 100.

Casein control.

Laboratory run No. 68, UNICEF No. CF-27.

Soybean meal control.

Laboratory run No. 42, UNICEF No. CF-21.

Laboratory run No. 67, UNICEF No. CF-32.

Results measured in weight gained/week. The control, casein, was superior, the AHW flour placed second and was followed by fish

flour, Peruvian cottonseed flour and finally a domestic commercial cottonseed flour. {See Barnes, R. H. Pond, W. G. Kwong, E., and

Reid, I., J. Nutrition 8»(3): 355-364 (1966).)

Tested simultaneously, a commercial cottonseed flour was rated at 42.8 and a commercial soybean flour, cooked and toasted, at 57.6.

Administered for 3 to 5 months to recovering malnourished children as the only source of protein at the same concentration and ca-

loric levels as the control (milk). Growth was maintained at rates nearly identical to those with the control. A commercial edible

cottonseed flour was also included in some of the diets and the AHW flour was found superior by comparison.
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work done on rats by Dr. Hegsted, results were re-

ported as relative nutritive values and compared to a

lactalbumin control. In the majority of the investi-

gations shown, PER values either approach or are

equal, and, in one case e.xceed, the control. Feed con-

version as reported by two investigators also ap-

proach that of the control.

In studies conducted by Drs. Howe, Giltillan, and

Milner, the cottonseed flour was compared to casein

and to a commercial edible cottonseed flour. The
AHW flour was superior to this commercial flour,

PER values of 2.36 for the former, and 1.58 for

the latter being obtained.

In the work by Dr. Hegsted with rats, the com-

mercially available cottonseed and soybean flours

w.ere also included during feeding trials. The for-

mer showed a relative nutritive value of 42.8 com-

pared with the AHW flour at 59.4, and the value for

the latter was 57.6.

In the work reported by George G. Graham, cot-

tonseed flour formulations were administered for 3

to 5 months to seven recovering malnourished child-

ren. The cottonseed flour used was the sole source of

protein during these investigations and was adminis-

tered at the same concentration and caloric levels as

the control-milk. Growth was maintained at rates

equally identical to those of milk. During this inves-

tigation the commercial edible cottonseed flour was

also used as a source of protein. The AHW flour was

found superior by comparison.

From the above data, it would appear that the

nutritive values of the AHW meals and flours are

remarkably high and significantly higher than any

commercial cottonseed meals or flours.

Good nutritional value alone does not necessarily

guarantee acceptance. It must also have acceptable

functional properties, and organoleptic characteris-

tics as flavor, color, and texture, to be used in specific

food formulations. This is emphatically true in this

country, and to a great extent also in developing

countries. Results of some specific tests to deter-

mine these properties in AHW flours, and other

flours, prepared with acetone-containing solvents,

showed a number of good qualities, as well as some
important shortcomings.

As far as functional properties are concerned,

addition of cottonseed flour at a 1-percent level in

doughnut mixes reduces fat absorption, and increas-

es freshness. At a 1- to 3-percent level in cookie

dough, this flour controls the spread of the dough
before baking so that uniform diameter cookies can

be obtained. In dark breads, it increased stability of

high moisture doughs and reduced staling.

Some early work by Mrs. G. Schlosser', Human
Nutrition Division, using concentrations of 17 to 20

percent of the AHW cottonseed flour in food for-

mulations such as bread, cookies, chapatties, noodles,

and atoles (a beverage popular in Central and South

American countries), showed that whenever water

was added to the mixture of ingredients a greenish

color persisted in the cooked food and tended to de-

tract from its appearance and general acceptability.

Color of the dry mixture was not objectionable. Us-

ing the straight dough process, products containing

cottonseed flour had smaller loaf volumes, dense

and gummy textures, a dark color similar to whole-

wheat bread, and a bitter aftertaste. The lingering,

bitter aftertaste was characteristic of all the food

products prepared with early AHW flours, which in-

cluded some experimental breads made by Gaston

Dalby and Mr. Molander in Eg>'pt'

.

Recent investigations at SURDD (4_) indicate

that the decidedly unpleasant flavor is probably asso-

ciated with trace amounts of reaction products of

mesityl oxide and sulfhydryl compounds. Commer-
cial acetone contains varying quantities of diacetone

alcohol and possibly trace amounts of mesityl oxide.

In addition, depending upon conditions, varying

quantities of diacetone alcohol and mesityl oxide

may be formed during processing.

Preliminary results indicate that mesityl oxide

reacts with ethyl cysteinate hydrochloride to produce

a reaction product that is extremely obnoxious. When
this product is added to relatively bland cottonseed

flour, it imparts an unpleasant flavor that is charac-

teristic of the bitter aftertaste associated with cot-

tonseed flour prepared by extraction with AHW con-

taining diacetone alcohol and mesityl oxide.

Work is underway to confirm these initial find-

ings and to develop a procedure to prevent the for-

mation of unpleasant flavors in cottonseed flours

prepared by AHW extraction. It now appears that

purification of acetone and other precautions such

as minimum processing temperatures, and contact

times may eventually lead to elimination of un-

pleasant flavors. An analytical procedure was deve-

loped to determine concentrations of diacetone alco-

hol and mesityl oxide in acetone at levels of 1 p.p.m.

Using chemically pure acetone in the AHW mix-

ture (containing only a few parts per million diace-

tone alcohol and mesityl oxide), and extracting at

ambient temperatures, it was possible to prepare a

quantity of flour which showed considerable im-

provement in flavor characteristics of food formu-

lations. When this product was used to prepare drop

biscuits (at the 3-percent level), the biscuits were rat-

Private communication.
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ed fair in appearance and good in texture and flavor.

At a 9-percent level, batter bread texture was rated

excellent, but flavor was only fair. Garbanza curry,

cookies, and a vegetable dish also made with this

product were rated 4.0 to 4.6 on a 5-point scale. Or-

ganoleptically, these food products were acceptable.

A cost study (S) was made by K. M. Decossas of

SURDD for producing 58-percent protein cottonseed

flour in a 30-ton per day AHW extraction system
(shown in figure 2), as an adjunct to an existing con-

ventional hexane extraction facility. It was deter-

mined that processing costs, including cottonseed

costs, credit for co-products, and cost of cottonseed

cleaning and delintering, ranged from 6.6(1; per

pound of flour produced when operating 270 days

annually, to 12.7(1' per pound for operating 90 days

annually.

In summary, extensive research at SURDD has

shown that an economical process involving acetone

as a solvent has been developed, is feasible, and pro-

duces a highly nutritive product from prime cotton-

seed. Acetone in solvent mixtures aids in removing
over 90 percent of the gossypol and substantially all

of the oil at the same time. It aids greatly in remov-

ing minor components and contaminants when it is

used in solvent mixtures containing 1 to 4 percent

water. The advantages permit the production of a

high grade feed meal. When expanding this technol-

ogy to the production of a food grade flour, organo-

leptic evaluations quickly showed that acetone so-

lvent mixtures did not decolorize the flour sufficiently

to produce acceptable colors in many formulated

foods. In addition, impurities originally present in

acetone and formed during processing imparted

objectionable flavors to many of the foods. Evid-

ence indicates that these offensive "catty" odors (i,

IS) are probably associated with trace amounts of

diacetone alcohol and mesityl oxide reaction prod-

ucts.

Based on research at SURDD, and industry con-

tacts, the following precautions and recommenda-
tions should be observed:

1. Acetone relatively free of diacetone alcohol

and mesityl oxide must be used. It is generally

agreed by various producers of acetone that

this solvent free of diacetone alcohol and mesi-

tyl oxide can be produced with little or no added

effort or expense. (Perhaps a "working toler-

ance" of a few p. p.m. might be established.

)

2. Processing temperatures as low as possible

are required whenever acetone is incorporated in

the solvent mixture to minimize the formation

of compounds such as mesityl oxide or its reac-

tion products in the meal or oil that would pro-

duce unpleasant flavors or adverse physiological

ert'ects or both when ingested.

3. Operate with a minimum time of contact

with acetone to minimize formation of diace-

tone alcohol and mesityl oxide. Precautionary

measures should also be taken in the handling

and storage of acetone. It is essential that a

small percentage of water be present (about 0.3

percent or more), to prevent or reduce the for-

mation of diacetone alcohol during storage.

4. Contact of acetone with metal oxides, such

as iron or zinc oxide, should be avoided. These

oxides promote the formation of diacetone

alcohol. The cottonseed meal itself appears to

promote the formation of diacetone alcohol

and smaller amounts of mesityl oxide. It is rec-

ommended that only stainless steel equipment

be used for this process to avoid development

of iron oxide.

5. Final desolventization should include steam

sparging under vacuum conditions.

6. Probably complete rectification of recovered

solvents containing acetone will be required.

7. Steel tank cars and storage tanks may be

coated with a phenolic resin coating which could

eliminate exposure to iron oxide and, therefore,

reduce the formation of diacetone alcohol.

8. Solvents containing less than 100-percent ace-

tone, such as AHW are preferable to 100-per-

cent acetone.

9. Since a food product is to be manufactured,

strict adherence to sanitary conditions through-

out the food plant must be observed. These

conditions must meet standards set by food

producers and by Government.

We have shown that a solvent system composed

of acetone, hexane, and water (1 percent) is capable

of extracting more than 90 percent of the gossypol,

practically all of the oil, and removes significant

quantities of minor components and contaminants

from prime cottonseed flakes. The resulting meal or

flour is of exceptionally high nutritive quality. If

precautions are observed in the handling of this so-

lvent system, it is possible to produce a cottonseed

flour which, when incorporated in food formula-

tions, yields organoleptically acceptable products.

Considerable progress has been made in understand-

ing the source of the objectionable flavor which is

developed when this solvent system is used. While

considerable hope is held for acetone solvent sys-

tems, it is recommended that commercial adaptation

be postponed until the flavor and color problems are

satisfactorily resolved.
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DISCUSSION

Chairman: I am again assuming the prerogative

of the Chairman to ask you a question. With the liq-

uid classification using hexane apparently looking so

good, why are you continuing to work with this

process?

Mr. Vix: I would say that from a development

stage we are not. We are not using any effort on the

mixed solvent extraction. The only effort being devot-

ed in the laboratory currently is on diacetone alcohol

and mesityl oxide formation to see if these can be

controlled. No eff'ort is being exerted in our pilot-

plant operations.

Chairman: I didn't ask that question just to be

critical because we in UNICEF have been tantalized

by this acetone-hexane-water degossypolized prod-

uct. As Mr. Vix has indicated, we supplied this mate-

rial to Dr. Graham, whom we might question about it

when he discusses the testing with infants of prote-

in concentrates. He has reported at least twice at re-

cent meetings and in publications that this AHW
degossypolized product had an amino acid balance

very similar to mothers' milk, and nutritionally is

one of the best of vegetable proteins. Apparently

the infants are smarter than the rest of us in recog-

nizing this. If they did taste the bitterness in this

material, they didn't seem to mind it. But there we
are. We seem to have a beautiful product nutrition-

ally, yet we still can't quite achieve industrial produc-

t-ion."

Question: We have heard from Dr. Ward of an

alternate solvent extraction process. I wonder if Dr.

Ward would be prepared to give us some more infor-

mation about his process?

Dr. Ward: The first good solvent that we found

was a mixture of methyl acetate and methanol. If

water is added to this mixture, it will extract gossy-

pol rapidly. It is possible to choose a mixture of

methyl acetate, methanol, and water which will

bring about a satisfactory removal of both the gos-

sypol and the oil.

Solvents containing water tend to make the cot-

tonseed flour sticky and dark-colored. We found that

the most practical way of working was to extract

cottonseed meats first with the solvent mixture con-

taining water, then subsequently with the dry so-

lvent mixture. This results in a flour that is low in
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gossypol content, is non-sticky and easily desolven-

tized, and is light in color compared with flour deso-

Iventized directly from a wet solvent. In a counter-

current operation, the water would be added to the

last extraction operation before recovery of the oil

and solvent.

There are obvious objections to the use of meth-

anol and methyl acetate because they may be regard-

ed as toxic solvents. It may be possible to establish a

tolerance level for residual solvent, and it should

then not be too difficult to desolventize the flour down
to the required level. But in order to meet objections

to the use of these solvents, we have been working

on the use of other solvents, and very recently we
have found another mixture which we believe to be

satisfactory. I have brought with me a sample of

the product and have put it on the table. This product

was made without the use of toxic solvents.
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THE ROLE OF LAND-GRANT UNIVERSITIES
IN THE WORLD FOOD PROBLEM

by

D.W.Thomas
International Programs in Agriculture

Purdue University

Lafayette, Ind.

In the context of this conference, I consider it a

responsibility to speak seriously about a public issue

of great import. This is the relationship between the

world food problem and the Land-Grant Universi-

ties. In this seemingly straightforward relationship

rests a complex of public issues of fundamental
mutual concern to all those assembled here tonight.

Included are all the agriculturical scientists, adminis-

trators, legislators, and businessmen from the Unit-

ed States and from abroad.

In the time available, I propose to seek, briefly,

four objectives that appear to be both relevant and
important to this public issue. These objectives are:

First, to outline several major forces calling

for increased involvement of the Land-
Grant Universities, in general, and the

Schools of Agriculture of these Univers-

ities, in particular, in international educa-

tion and research.

Second, to suggest, that the world food prob-

lem, important as it may be, is but one

part of a far more complex and funda-

mental set of world issues. It is this set

of problems that constitutes the basic

impetus for the development of compre-

hensive and systematic university inv-

olvement in international education and
research.

Third, to recognize that the Schools of Agricul-

ture have had long experience in interna-

tional education and research; that inter-

national agricultural programs in these

institutions are growing; and that the

future discharge of the fundamental
responsibility of these institutions to the

United States and to the world will re-

quire far greater and more comprehen-
sive involvement.

Fourth, to suggest that these educational institu-

tions stand ready to accept increased re-

sponsibility in this sphere; that the mean-

ingful acceptance of such will require

national acceptance of such will require

national recognition of the critical role

they have to play in world affairs, the

development of national legislation con-

sistent with the scope and nature of

these responsibilities, and the provision

of continuing, new resources commen-
surate with the task.

Let us first explore the societal forces imping-

ing upon the U. S. Schools of Agriculture and lead-

ing them to develop educational and research pro-

grams focused on foreign and international prob-

lems. Here, we should keep clearly in mind that, for

the most part, the expansion of concern to the world

scene by U. S. Schools of Agriculture runs counter

to much of the tradition and much of the mission

of the 100-year history of these institutions. U. S.

Schools of Agriculture were created and have func-

tioned in a framework designed to provide essential

educational and research services to the rural sector

of the States and regions of the LTnited States.

For 100 years, these universities have brought

their talents to bear on the day-to-day problems of

educating rural people, both formally and infor-

mally, and in the provision of scientific solutions to

problems hindering the development of a highly

productive and efficient agriculture. In these roles,

the Schools of Agriculture of this Nation have been

eminently successful. They have been successful

because they have been able to concentrate on "local"

educational, production, distributiofi, and consump-

tion problems. They have been given the freedom

and support to develop the scientific competence es-

sential to the solution of these problems. With a lib-

eral amount of inspiration, a great deal of perspira-

tion and untold quantities of perserverance, they

have assisted the rural sector of our economy to par-

ticipate eff'ectively in the creation of a modern and

affluent societv.
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In this process, the "cow colleges" of a century

ago have developed into great universities with edu-

cational and scientific competence not only in the ag-

ricultural disciplines but in other basic and applied

sciences. In terms of scientific and educational capa-

bilities, these insitutions have no peer on the face

of the globe. They constitute a national and interna-

tional resource of inestimable value.

Now, the Schools of Agriculture find the forces

of world agriculture and world aft"airs making in-

creasing demands upon these capacities and talents.

They are quietly but persuasively being asked not

only to continue to provide educational and scientific

services of e.xcellence to domestic agriculture but

also to provide services crucial to agricultural deve-

lopment in much of the rest of the world. It is this

duality of demands that the Schools of Agriculture

must meet if they are to continue their unequaled

tradition of useful service to the State, the Nation,

and the world.

On the domestic front, U. S. Schools of Agri-

culture are faced with a set of demands that will

challenge their resources, imagination, and abilities

to a greater extent than ever in history. Service will

be demanded by a population with both increased

desire and increased means to seek higher education

of excellence for an increasing fraction of its

young people. Significant demands will continue to be

made by a huge, technologically based agriculture

necessitating increasingly sophisticated inputs of

scientific information for its maintenance and

growth. Their knowledge and wisdom will be de-

manded in increasing measure by a society strug-

gling to adjust peacefully and amicably to a way of

life which, by its very affluence, places new and
difficult strains on the bonds of human relations.

Their services will be demanded by a government

faced with the responsibility of accommodating the

great agricultural sector of our society without con-

straining the forces that made it great.

But this is not all. In addition, the larger society

of the world community is turning increasingly to

the U. S. university for assistance in its struggle

for economic betterment, social progress, peace, and

prosperity.

In the recent past, participation by U. S. Schools

of Agriculture in foreign affairs has been substan-

tial. These institutions have made significant contri-

butions abroad; perhaps some of the most signifi-

cant long-run contributions to be found in our total

foreign assistance program. Experience gained by

universities through participation in these activities

has been useful in making their total educational

and research program more effective and relevant.

But there are important societal forces at play

that suggest most convincingly that the School of

Agriculture will be called upon to play a far more
substantive role in the international arena. Let me
indicate a few of these worldwide tides to which

our institutions have the opportunity, if not the

mandate, to respond.

First, the well-being of commercial agriculture

in our Nation is not independent on agri-

cultural events in the rest of the world.

The things that happen to agricultural pol-

icies, programs, productivity, and supply

and demand in the Common Market, the

Far East and Latin America are both re-

levant and important to U. S. agriculture.

Potential market expansion for agricul-

tural commodities through the income

effects of sustained economic develop-

ment abroad is of central concern to the

continued growth of our agricultural

economy. These factors cannot help but

play an important role in the future.

Second, our Nation appears to be undergoing a

rather dramatic attempt to make basic

shifts in national agricultural policies.

These are shifts from traditional poli-

cies directed toward income support, cur-

tailment of agricultural output, and dis-

posal of surpluses abroad to policies

based on the utilization of the productive

capacity of U. S. agriculture to meet in-

ternational commercial demand, humani-

tarian requirements in food shortage

crises and foreign development needs. It

appears that agricultural policy-makers

have discovered the world and are at-

tempting to evolve policies and programs

in an international rather than a national

context.

Third, the world has been made fully aware of

the secular trend between two of the

most significant of variables—the rate

of world population growth vis-a-vis the

rate of increase in world food supply.

This has been and continues to be a mat-

ter of worldwide concern. It is of con-

cern on political, economic, social, biologi-

cal, and physiological grounds. It is a

matter of utmost concern to the United

States and to the scientific community not

only of the United States but of the en-

tire world.

Fourth, agriculture has become inextricable en-

twined with the foreign policy of our
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Nation. Foreign policy is a most compli-

cated matter and one difficult to compre-

hend fully. However, there is one aspect

of this policy that stands out clearly.

This is that assistance to less-developed

Nations in their struggle for improved

economic and social well-being has been

and will conti)iue to be one of the major

weapons of the United States in the in-

ternatio)tal political arena. We, as a Na-

tion, have made irrevocable commitments

on this score to a multitude of Nations.

We cannot fail to make good on these

commitments; the alternative to complete

success is far too costly to be contemplat-

ed or accepted.

With respect to the first of these major societal

forces, it is clear that it is no longer possible nor

wise to conceive of U. S. agriculture in isolation.

This is evidenced by the increasing importance of

foreign markets to the farmers of the United

States. It is evidenced by the impact of changes in

foreign and international agricultural policy on the

course of U. S. agriculture. It is evidenced by the

potential that exists for the expansion of U. S. agri-

cultural exports to nations where the income elastici-

ty of demand for food is favorable and the poten-

tial market for expended U. S. food exports is some
positive function of increases in income levels in

these nations. It is possible that foreign agriculture

may constitute one of the more lucrative opportuni-

ties for the investment of U. S. agricultural capital

and managerial ability. Equally, it must be re-

cognized that future U. S. agricultural policy may
turn squarely on the premise that the productive

capacity of U. S. agriculture might be put to positive

development uses abroad with mutual advantage to

U. S. agriculture and to the economies of the less-

developed world.

The point is that U. S. agriculture must con-

sciously relate itself to world agriculture. This it can

do only on the basis of comprehensive scientific

knowledge about the nature of this relationship and
about the nature of agriculture in the rest of the
world. The future success of U. S. agriculture,

without question, will require highly trained person-

nel with specific scientific knowledge and talents

applicable to the technical, economic, and social prob-

lems of agriculture abroad. Equally, a well-con-

ceived and efficiently administered national agi'icul-

tural policy in the future will require substantively

expanded knowledge of world agriculture and a

corps of personnel well-versed on the intricacies of

agriculture in other parts of the world.
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The attention of the world has been focused

sharply on the second of these major societal

forces; that is, the world food problem. The unhap-

py historic relationship between the rate of popula-

tion growth and the rate of expansion in world food

output is well known. The recent widespread concern

and in-depth studies by highly competent individuals

and task forces of agricultural scientists and de-

mographers have led to many disturbing conclusions.

One of these is that, if recent rates of world popu-

lation growth continue and recent rates of increases

in food output continue, the world will find itself in

serious danger of widespread famine.

Quite recently, the impacts of programs de-

signed specifically to alter the rate of population

expansion and the rate of expansion of food out-

put provide some basis for a bit of optimisn with

respect to the imminence of worldwide famine.

Despite this somewhat happier turn of events, there

is no valid excuse to relax and assume that all will be

well with the world.

The fundamental reason for this is that the

population-food crisis is but a symptom of a far

more serious and more insidious problem faced by a

majority of the world's people. This is the problem

of the unacceptably low levels of income of two-

thirds of the world's population; the stagnation of

the state of material well-being over much of the

face of the globe and the widening gap between

income and living standards in the less-developed

nations and in the developed nations. In short, the

technical possibilities of reducing the rate of popu-

lation growth and expanding the rate of increase in

food output may diminish the specter of starva-

tion; however, it is not synonymous with economic

development nor will it automatically result in the

solution of the fundamental problem of poor peo-

ple! Thus, even under the most optimistic of as-

sumptions, we must continue to face squarely the

crucial issue of systematically seeking ways and

means of rapidly and materially improving the in-

come levels of the multitude of extremely poor

people residing in all corners of the globe.

Closely associated with this phenomenon is the

fourth great societal force at play. This is the as-

sumption and exercise by the United States of a

major leadership role in world affairs. The effective

discharge of this responsibility necessarily involves

programs designed to tackle, directly and indirectly,

the fundamental issues of economic development

and social progress in the less-developed nations. It

follows that economic and technical assistance to

less-developed nations will continue to be central to

the success of the United States in its political and

economic relations with the world community of

nations.



Here, I think it important to recognize that the

United States is a neophyte in the world leadership

and economic assistance roles. For practical purpos-

es, our Nation has plunged into these major world

responsibilities within the last 20 to 25 years. Many
claim that our record leaves something to be desired.

Others argue that, under the circumstances, we have

done better than might reasonably have been expect-

ed. Be this as it may, it is incontestable that, as a

Nation, we are learning rapidly a great many things

of value.

The task to which we have set ourselves is gigan-

tic. It is to help two-thirds of the world's people do

what they have not been able to do on their own since

the beginning of time. In this effort, we have made
costly mistakes and blunders; for the most part,

they have been honest mistakes; we will make others

in the future. But, we have learned and will contin-

ue to do so. Some of the more relevant of these

costly lessons are:

— ''energiziyig" and "dynamizing" stagnant

economies is not a short-run endeavor; it

takes time, patience, and perserverance.

— industrialization is not a panacea for the

economic and social ills of these traditional,

predominantly agrarian societies.

—agHcultural development, in virtually all of

these situations, is the key to general deve-

lopment and must precede or, at least, pro-

ceed hand in hand with development of the

industrial and commercial sectors. Similarly,

agricultural development and increased food

production are not synonymous.
—agricultural development abroad is an ar-

duous affair that admits of no shortcuts nor

magic solutions. It requires the same kind of

day-to-day dedicated wisdom and work on

the part of many people at many different

levels that were required to make our own
agriculture the most productive industry in

the history of mankind.

Among those who worry about such matters,

there exists a great deal of disagreement about the

necessaty and sufficient conditions for the creation

of modern, efficient, highly productive agricultural

economies in the less-developed nations. There is

agreement, however, about certain of the necessi-

ties. Important among these are:

—educational machinery having the capacity to

supply the society with the number and the

"mix" of trained people essential to the

mounting of a modern, productive agricul-

ture.

—a body of scientific knowledge directly appl-

icable to the removal of technological, social,

economic, and political barriers to agricultur-

al development.

—a set of research institutions capable of

providing these nations with the continuing

flow of new knowlege essential to sustained

agricultural growth.

—sufficient numbers of well-trained people,

particularly at the advanced levels, to ef-

fectively man the educational units, the re-

search units and the key decision-making

positions in the agricultural production, proc-

essing, distribution, and political system.

Generalizations are always dangerous; they are

particularly dangerous when made about less-deve-

loped nations. With respect to the above "necessi-

ties," however, the following seem to hold virtually

without exception:

—the educational machinery in most less-deve-

loped nations is completely inadequate. The
agricultural education machinery tends to be

the worst of the lot.

—the educational machinery will not become
adequate quickly enough, if at all, if these

nations do not receive appropriate assistance.

— the higher education system is the strategic

point to attack this problem.

—outside assistance in this sphere is warranted

and, in most cases, acceptable.

—trained manpower, in general, and trained

agricultural scientists, in particular, are the

most limiting factors to agricultural deve-

lopment; numbers are too limited to permit

rapid rates of development.

—the stock of applicable knowledge in scien-

tific areas essential to the development of a

highly productive agriculture is completely

inadequate in the less-developed world. Most

failures of development activities can be

traced to the false premise that "enough is

known." The hard fact of life is that the

research has not been done.

—generally, the indigenous research institu-

tions lack the capacity, the resources and the

philosophical base to produce the relevant,

useful knowledge required; it is highly im-

probable that this capacity will develop auto-

matically.

— if the research required to produce the

knowledge essential to acceptable rates of

agricultural development abroad is to be

done, some major fraction of it will be done
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by the research scientists and institutions of

the developed nations. This means, in large

measure, those of the United States.

It is clear that each of the societal forces men-

tioned above is actively at work in the world. It is

equally clear that the impacts of these forces are

rapidly converging on one institution—this is the

U. S. School of Agriculture. Such convergence is

resulting in sharply increased opportunities for

useful and significant institutional involvement in

international education and research. Such demands,

both effective and potential, upon these institutions

are of greater magnitude and in more dimensions

than has ever been true in the past. The fundamen-
tal reason for this is straightforward. The things in

shortest supply and in greatest demand by the agri-

cu^ltural world, the political world, the developed

world, and the less-developed world are ohe things

produced in universities

—

trained people and useful

knowledge.
It is against this type of background that the

role of the U. S. university in the world food prob-

lem and related public issues might be specified most

adequately. It is a many faceted and complex role.

If I have observed clearly and reasoned well, this

role will consist of the following major elements:

First, the development of staff and institutional

competence, the scientific knowledge base and

international education and research programs
in ways such that the total society might better

be served. Included here are:

— the entire student body of the university—under-

graduates, graduate students, youth, and adults.

—the international scientific com munity.
—the agricultural business and industnal communi-

ty—both United States and foreign.

—public and private action agencies, both United

States and foreign, concerned directly with agri-

cultural development abroad.

Second, the development of staff and institutional

capacity essential to effective assistance in the

development of viable educational, research,

and other agricultural institutions abroad so

that these institutions, at some point in time,

will be able to service adequately their own so-

ciety.

Third, the development of specific educational pro-

grams capable of providing efficient and ef-

fective training:

—for agriculturalists from abroad, particularly at

the graduate levels and in highly specialized areas

of endeavor.

—for U. S. students seeking careers in international

agricultural endeavors.

—for U. S. students interested in domestic agricul-

tural careers to be pursued in an increasingly "in-

ternational" environment.

Fourth, provision, through systematic research, of

the knowledge base required for the solution

of key international agricultural development

problems and high-level performance in for-

eign agriculture.

The situation faced by U. S. Schools of Agri-

culture is double-barreled!

On the one hand, traditional demands to service

domestic agriculture will continue and
increase. These demands must be met.

Additionally, an agricultural economy so

intimately associated with the agricul-

ture of the rest of the world and guided

by a national policy geared to worldwide

forces will require international exper-

tise of far greater scope and character

than has ever been true in the past.

On the other hand, success by the United States

in world affairs will depend in an impor-

tant way on the degree to which it is able

to meet its commitments to economic and

social betterment abroad. This will be

some function of our ability to cope

effectively with the world's food prob-

lems and to promote agricultural deve-

lopment and sustained growth in these

nations. In this monumental task, the

crucial inputs are those that can be

provided best and, perhaps, only by U. S.

Schools of Agriculture, their long-time

colleague in such matters—the USDA

—

and the agricultural economy of which

these institutions are an integral part.

To date, U. S. Schools of Agriculture have

played a somewhat passive role in world affairs. They

have responded to the demands of outside entities to

the extent that available resources and other de-

mands permitted. The order of priority for re-

source use has been dictated by the longstanding and

valuable tradition that their first responsibility is to

the farmers and agricultural businesses of their

own state. This is as it should be; it should continue.

At the same time, we must clearly note the changing

order of the world in which we live and recognize

that to meet this traditional responsibility the educa-

tional and research programs of these schools must

take on a much greater international flavor.

Equally, we must recognize the absolute necessi-

ty of active participation by the Schools of Agricul-

ture in the permanent conquest of world hunger and
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poverty. The future well-bemg not only of the na-

tion but also of the State constituencies of the

several Schools of Agriculture is bounded by the

degree of success that we as a total society have in

the international arena.

In closing, allow me to make one final point. I

have attempted to outline the major opportunities

that exist for the scientific community in our Land-

Grant Colleges to contribute to the continued growth
and well-being of domestic agriculture, to the solu-

tion of the serious development problems of the

less-developed world and to the ability of our Nation

to meet its international commitments. It is my firm

belief that the Schools of Agriculture are perfect-

ly cognizant of the existence of these opportunities.

I am equally convinced that these institutions stand

ready to respond positively and effectively to these

societal demands. This attitude is in the very best

tradition of this unique public institution.

There are, however, major barriers impeding the

ability of these institutions to respond effectively to

the recognized demands for international service

which are upon them. Two such barriers are worthy

of special note. First, there exists a serious lack of

clear-cut public understanding and recognition that

U. S. agriculture cannot continue to achieve maxi-

mum growth nor can the foreign policy objectives

of the United States be attained fully without the

permanent, comprehensive, and active participation

of the agricultural scientists of these institutions

in international education and research. It is clearly

in the national interest that such recognition be

achieved and that it be achieved immediately. Sec-

ond, recognition of this fact of life will not in it-

self be sufficient. With it must come overt recogni-

tion that the state and Federal legislation undergird-

ing the Resident Instruction Divisions, the Agricul-

tural Experiment Stations, the Cooperative Exten-

sion Services, and the International Agricultural

Programs Divisions of these Schools was designed

at a point in history when the principal focus of the

Land-Grant Universities was on rfomesfzc agricultur-

al development. Present legislation and financial

support to the agricultural, educational, and research

complexes of our Land-Grant Colleges are complete-

ly inadequate to the unique mission of these institu-

tions in the conquest of world hunger, international

agricultural development, and the continued well-

being of U. S. agriculture in a milieu increasingly

influenced by world markets.

Our Nation has before it a policy issue of ma-

jor proportion. It is a policy issue that must be faced

honestly and objectively. If it is and if it is appro-

priately resolved, U. S. Schools of Agriculture will

find it possible to make contributions to world peace

and prosperity which will make their many magnifi-

cent historical contributions to the development of

the U. S. society seem small by comparison.

75



SESSION III: F. D. Wharton, Jr., Monsanto Company,
St. Louis, Mo., Chairman

EVALUATION OF PRODUCTION OF GLANDLESS COTTON

by

R. J. Miravalle

National Cottonseed Products Association, Inc.

Memphis, Tenn.

. Cotton improvement in this country will get a

boost next year when the second glandless cotton var-

iety is scheduled for commercial planting.

Glanded and glandless cottonseed are compared
in figure 1.

Figure 1.—Longitudinally sectioned cottonseed: glanded
seed on the left (dark spots in the kernel are

glands) and glandless seed on the right.

Cotton breeders are lint-oriented not seed-ori-

ented in their thinking. This shouldn't surprise any-

one. However, glandless seed has caused the cotton

breeder to pay more attention to the seed. The breed-

ers' common goal is a total quality cotton— quality

lint and quality seed. Quality cottonseed begins with

glandlessness, that is, seed that are essentially free

of gossypol. However, in my discussion, I hope to

make it plain that glandless cottons must have high

lint quality in order to be acceptable to farmers.

Varieties and Breeding

Gregg 25V, the first glandless cotton variety, was

planted commercially in 1966 (£_^). Herman and

Weldon Gregg of Gregg Seed Farm, Plainview, Tex.,

did not emphasize the glandless character of their

new variety but rather sold it as more tolerant to

Verticillium wilt, glandlessness being incidental.

This cotton does not have the lint quality required.

However, these breeders have improved glandless

cottons coming along. Gregg 25 V was planted in 1967.

Based on the breeders' reports, seed for planting

15,000 acres are available in 1968, but considering

replanting and crop losses, I anticipate that upwards

of 5,000 acres will be harvested this year. This varie-

ty is a stormproof boll type. Such types are more
suited to mechanical harvest by stripping than by

spindle picking. Gregg 25 V is grown around Lub-

bock, Tex., on the South Plains.

The second glandless cotton variety, Watson Gl

16, bred and developed by Walter Watson, Ferris

Watson Seed Co., Garland, Tex., and merchandised

by Rogers Delinted Cottonseed Co., Waco, Tex., will

be planted in several farm-scale trials in 1968, and

at the same time seed will be increased for 1969

sales. Sufficient seed should be available for com-

mercial planting in 1969 which should allow upwards

of 50,000 acres to be harvested. Watsox Gl 16 is also

a stormproof-boll type cotton. While specific areas

for commercial production in 1969 have not been

designated, it is fairly certain that a sizable part of

the production will be centered on the South Plains

of Texas with some production in the Blackland

areas around Dallas and Waco. Mr. Watson's data

reveal that his cotton has high lint quality. The

farm-scale trials this year will provide extensive

data on the yielding ability and quality of Wataon

Gl 16.
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Now a word about glandless varieties whose re-

leases are imminent. A large commercial breeder is

awaiting the results of widespread farm-scale trial

plantings this year to decide whether to enter a spin-

dle-pick type variety in the glandless "derby" in 1969.

Three State experiment station breeders are ex-

tremely close to variety status in their glandless

breeding efforts. It is highly likely all three could re-

lease glandless varieties by 1970. However, bear in

mind that public agency cotton breeding from Texas

eastward does not have planting seed distribution

and sales organizations that can compete with those

of the commercial seedsmen. Thus, very little

acreage in these states is planted to public agency

bred varieties. This condition is not expected to

change in favor of such varieties, if anything ac-

ceptance of such varieties should become more dif-

ficult. Production of glandless cottons then hinges

on what the commercial breeders do. The New Mexi-

co 1517 program, the California One Variety Dis-

trict program, and the Pima program are exceptions

to the above production rule, however, glandless var-

ieties are not expected from these programs any-

time soon.

All of the commercial breeders have active

glandless breeding programs, many of which have

developed exceptionally promising materials in the

last 2 years. Excepting the more advanced breeder

mentioned previously, several of these breeders

should release glandless varieties for commercial
production between 1970 and 1975. Almost without

exception cotton breeders not only recognize the im-

portance and desirability of the glandless seed char-

acter, but they have devoted and are expanding their

efforts to develop glandless cottons. Their efforts are

both gratifying and surprising. Gratifying because

seed is a by product and surprising because of the

competitive pressure recently brought on them to

improve lint quality. The acceptance of one gland-

less variety by the farmer will place considerable

pressure on the other breeders to come out with a

glandless cotton of their own.

No breeding program is terminal because no var-

iety is so perfect it can't be improved upon. So it is

with glandless cottons—already improvements on

what will likely be a breeder's original varietal re-

lease can be seen today in his nursery. It is no longer

a question of whether or not glandless cottons will

he, it is only a matter of wheyi. Lest you think prog-

ress has been slow, compare glandless cotton with

hybrid corn. Remember that in cotton breeding the

seed is the sole product. G. H. Shull published the

'See recent coverage of the acceptance problems of the new IR 8

rice variety. Agronomy, Rice of the Gods, Time 91 (24): 69,

June 14, 1968.

hybrid corn method in 1909. By 1933 less than 1 per-

cent of the United States corn acreage was planted

to hybrids, still by 1956 only 90 percent and by 1960,

95 percent of the United States acreage was planted

to hybrids {13, L^ ). Today the figure is closer to 100

percent. In less than 10 years from the release of

glandless genie sources two varieties have been re-

leased and a tremendous range of glandless germ-
plasm has been developed as basic breeding materials

(2, 3, £, 7, 10, 12). That's not bad considering cotton-

seed is a byproduct. Obviously no one is dragging his

feet very much.

Changeover from Glanded to Glandless Cotton

Much is expected of any new product—too

much really. We demand that anything brand new
perform better than the old. Remember how miffed

you were when you discovered that your new car had

a balky door lock, or developed a rattle, or won't get

the gas mileage as advertised? We are alert to such

things, whereas we tend not to notice or at least to

put up with similar minor problems—even major
ones sometimes— in a used car.

Now when something is as brand new as gland-

less cotton, and it is—you can see it's different from

the time the seedlings emerge from the ground until

frost—you are just waving a flag at the grower to

look for faults, and by golly he'll find some too. It's

just human nature. On the first time around, breed-

ers must be surprised to find this "sales resistance."'

In getting glandless cotton production estab-

lished, it is not then simply a substitution of gland-

less for glanded—all other traits remaining as they

were. Total improvement is required. It must be bet-

ter in several categories. This philosophy of substi-

tution or transfer has probably drifted into our

thinking from the backcross system of breeding,

which incidentally has failed to produce the goods.

We are presently witnessing the initial stages

of the changeover from glanded to glandless cot-

tons and at the same time we are experiencing a

strong upsurge in demand for higher quality cot-

tons. This demand will remain for some time to

come. Thus improvements in lint quality are a must
for any cotton breeder to stay competitive. The rap-

idity of the switch from glanded to glandless will

depend mainly upon the glandless varieties possess-

ing better lint quality than their glanded competi-

tors. According to reports we have from Mr. Wat-
son, his Watson Gl 16 fits this bill.
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Gradually, as cotton breeders meet their compe-

tition on lint quality, the increased worth of the

glandless cottonseed products will have had an op-

portunity to be demonstrated in the market place,

and growers will have an incentive from increased

seed values to plant glandless varieties in preference

to glanded varieties. After one or two glandless var-

ieties have been accepted in a community it will be

less necessary—though it remains as important as

before—that they excel in good performance char-

acteristics. Any faults will tend to be overlooked

once the cottons are accepted.

So, the successful introduction of glandless

cotton depends upon winning acceptance of the

farmer and establishing markets that will bring

higher returns for the new cottonseed product.

Grower acceptance and the establishment of re-

warding markets are interdependent. You can't probe

for a market without a dependable year-in and year-

out supply of a product. In the case of glandless

cotton, in the beginning at least, the grower will have

to be convinced to grow glandless cotton on the incen-

tive offered for higher lint quality because at that

time no increased monetary value for the cottonseed

products will have been demonstrated.

Production

The commercial production of glandless cottons

is now limited to the Plains of Texas. I look for

production to continue to be centered there, move
into Oklahoma and Arkansas, then into other areas

of Texas, the Delta, Midsouth and Southeast and
finally into the Far West areas. A goodly number of

cotton varieties grown outside the United States are

the same varieties bred and developed by commercial

breeders in and for this country. Statistics on the

varieties and acreage planted in other countries are

not available.- Few foreign countries have their own
cotton breeding programs and instead depend entire-

ly on the U. S. seedsmen for foundation seedstocks.

Thus, if these countries are to have glandless cot-

tons they will originate from commercial breeders

in this country. Breeders in Egypt (2) and Chad (3)

have advanced glandless programs, but breeders in

other countries appear to be just now getting started

(10). Therefore, I look for glandless cotton produc-

tion around the world to follow closely by a few
years the increased production in the United States.

Reports that glandless cottons are lower yielding

than glanded cottons {10, 7f should not be any more

disturbing than the reports that cottons with higher

lint quality are lower yielding than the "bread and
butter'.' cottons. I firmly believe this is a matter of

breeding and selection. In due time yields will im-

prove, if in fact they are low to being with. Yield is

not a determining factor on the Plains and Black-

lands of Texas or in Oklahoma because environmen-

tal conditions are such that a low yield ceiling exists.

Because the growing season is so short, lower yield

won't be displayed in these areas. In areas of the

Midsouth, Delta, Southeast, and Far West no similar

yield ceiling exists and lower yielding cottons will be

detected. In these areas yield will be a factor to be

reckoned with. However, the recent upsurge of in-

terest in growing higher quality varieties, which are

at present somewhat lower yielding, makes the com-

petition between high quality glanded and glandless

cottons a little more even (12^). Growers can be ex-

pected to continue to demand higher quality cottons

since the spinners are paying good prices for the

lint.

Before leaving this subject let me re-emphasize

that if lower yields are associated with high quality

and with glandlessness—and the information on

this point is meager— no researcher maintains that

we are unalterably stuck with lower yields. However,

we must face the possibility of having to contend

with the yield factor in getting these first glandless

varieties into production, for unlike high quality

lint, glandless seed per se, does not now command
any premiums over glanded seed.

Certain insects commonly regarded as pests of

cotton have been shown to prefer glandless to gland-

ed cotton. There are two such insects: the bollworm

and the tobacco budworm (11 ). The boll weevil and

the pink bollworm do not display such a preference

(8). Apparently, they like cotton regardless of the

gland condition. To grasp the practical significance

of this preference, one must understand how it is

detected. In preference studies insecticides are used

sparingly and then only to control the insect popula-

tion for the purposes of research. Use of insecti-

cides is for experimental control not economic con-

trol. Since the use of pesticides is a common practice

in today's cotton production, what is needed is infor-

mation on whether it will cost more to control these

Statistics are now available in the Cotton Production Survey
(Doc. 18-XXVII) published in June 1968 by the International

Cotton Advisory Committee, Washington, D. C. This survey
supports my view that American-bred cottons are grown in a
large number of other countries. Excluding the United States,

31 of the remaining 58 countries reported grew some Ameri-
can-bred cotton varieties.

'Personal communication with Joshua A. Lee, USDA-ARS,
North Carolina State University, Raleigh, N. C, C. F. Lewis,

USDA-ARS, Beltsville, Md., and others.
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two pests in glandless cottonfields. It is difficult to

design a field experiment which will give a clear-cut

answer to this question. ^ However, to date, agrono-

mists, breeders, and entomologists have observed no

run away problem with these insects in glandless cot-

ton fields which have been treated in the recommend-
ed manner with insecticides. Let me put it this way

—

boUworm and tobacco budworm preference for

glandless cotton poses a potential danger. Something

we must be alert to. But fear that these insects will

become an uncontrollable menace is unfounded.

Indeed, when the boll weevil is eradicated — the

entomologists have the tools, knowhow and field ex-

perience that might well accomplish this (1^ 9)—con-

trol of the bollworm and tobacco budworm should

be relatively easy. The reason for this is that broad-

spectrum insecticides now used to control the boll

weevil will become a thing of the past. Broad-spec-

trum insecticides kill every insect in the field—the

beneficials along with the pests. It is generally agreed

that use of such insecticides aggravates and sets up
problems in bollworm and tobacco budworm that

occur in cotton today. With boll weevils and broad-

spectrum insecticides out of the picture, it is be-

lieved that natural predators of and insecticides

specific to the bollworm and tobacco budworm will

adequately control these cotton pests.

The Greggs and Mr. Watson have observed that

their glandless materials have higher seed grades

which is apparently because of better oil content.

Mr. Watson's glandless cottons have resisted seed

deterioration because of field weathering with the

result that free fatty acids were slow to accumu-
late. If these observations are verified, it could mean
an immediate return to the farmer growing gland-

less cotton of $3 to $5 more per ton for his seed.

Data on this point will be obtained this year.

Seed Handling

It is elementary that glandless cottonseed must

be kept separate from glanded seed. Since strict

seed segregation must be maintained from the field

through processing the question is can it be done

without instituting a glandless variety or gossypol-

free growing community. Dalton Gandy, Agrono-

mist with the NCPA, was instrumental in setting up

the machinery for saving the glandless seed of

Gregg 25V produced first in 1966 {6) and again in

1967. His experiences, and those with whom he

worked, firmly established that glandless variety

growing communities are not necessary. Thorough

preparation and free communication are essential.

The picking, ginning, and seed saving season is prob-

ably the most hectic time of the cotton production

y^ear—everything is moving at breakneck speed

—

there simply is no time to think through and work
out solutions to problems as they occur. In both years

the growers voluntarily took care not to mix glanded

and glandless cottons during harvest. They clearly

identified the trailers of glandless cotton for deli-

very to the gin. The ginners grouped the trailers of

glandless cotton until they had enough cotton to gin

off 20 or 30 bales of lint. This meant that the farm-

ers had to leave their trailers at the gin 1 or 2 days

—

they were patient and waited. Each ginner voluntari-

ly cleaned out his seed system to remove the major

part of the glanded seed left from ginning glanded

cotton and saved the glandless seed starting with the

second bale of lint ginned in order to minimize mix-

ing the few glanded seed remaining with the gland-

less seed to be saved. The glandless seeds were kept

separate at the gins and trucked separately to the oil

mill where the seeds were stored separately until

they could be processed. The mill was cleaned of

seed, oil, meal, and residues from previous crush-

ings of glanded seed.

Now there are many opportunities in this total

operation from field through processing where seed

or products can get mixed; but, with prior prepara-

tion and complete communication with all parties

along the way, glandless cottonseed was segregated

and saved.

The segregation system worked so well in fact

that growers and ginners on the Plains have adapted

it to variety identification of lint—and there are eas-

ily at least 20 varieties of cotton grown out there!

The trailers of cotton are identified by variety and

held on the gin lot until a sufficient number of trail-

ers of the same variety have been assembled. They

are then ginned together as a unit. The system is

popularly known as "lint blocking." Gins handling

several varieties, successfully segregated the lint by

variety in 1967.

The USDA classing offices are accepting volun-

tarily tagged lint samples which show variety identi-

fication. They have a petition under consideration

now to place this variety identification on the clas-

sers' green card."^ Such action lends support to "block

ginning" and as this practice becomes more and more
accepted there should be little effort involved in ex-

tending it back once again to seed identification and

segregation.

^Personal communication with Sloan Jones and C. F. Lewis,
both USDA-ARS, Beltsville, Md., and William R. Meredith,
USDA-ARS, StonevUle, Miss.

*The variety name can now go on the class card. See "Variety

can go on class cards," Cotton Gin and Oil Mill Press 69 (11):

16, 1968.
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Segregation and handling of the glandless cot-

ton during picking, transporting to the gin, and gin-

ning fits the "block ginning" practice quite well and

only minor problems are anticipated at these stages.

It is after ginning that a bottleneck occurs with as-

sociated problems. Trucks to haul the seed to the oil

mill are at a premium, as are segregated dumps and

seed storage at the mill. During the initial stages of

the changeover from glanded to glandless, tempo-

rary storage at the gin of the necessarily smaller

quantities of glandless cottonseed will probably be

needed until trucks and segregated mill facilities

become available. These problems will persist until

sufficient quantities of glandless cottonseed are pro-

duced. The oil mill management with whom I have

discussed seed saving and handling operations have

indicated their concern and willingness to actively

participate and materially assist in gathering the

glandless seed.

Right now, in our determination to obtain the

earliest possible production of glandless cotton, such

details must be considered and possible solutions ex-

plored. It is not enough to produce the desired raw
product in the field, if that product cannot be moved
along and processed into a finished product which
retains the desirable properties that make it superi-

or. In after years these matters may appear trivial,

if we remember them at all, for we often take

such things for granted, but facilitating the trans-

port of products from farm to processing is a basic

part of not only our agriculture— but anybody's.

I have given you something of a systems analy-

sis of what I consider to be key factors involved in

getting quantities of glandless cottonseed products

produced as soon as possible. The size of the produc-

tion of glandless cottonseed in 1969 should be suf-

ficient to exert some pressure on the protein market.

I am extremely optimistic that in 1970 and in the

following years we will witness ever-increasing

supplies of this raw agricultural product. Produc-
tion of glandless cottonseed from here on in seems
really assured. So let's get the show on the road.
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NUTRITIONAL VALUE OF GLANDLESS COTTONSEED PROTEIN

by

K. J. Smith, C. M. Lyman, and A. B. Watts
-; National Cottonseed Products Association,

Memphis, Tenn., Texas A&M University,

College Station, Tex., Louisiana State

University, Baton Rouge, La., respectively

(Presented by K. J. Smith)

Volumes of information have been published

in recent years emphasizing the need for quality

proteins for numerous end uses. The true potential

of cottonseed protein has been hindered in the past

by the presence of gossypol. The genetic control of

gossypol, resulting in glandless varieties of cotton,

has made it possible to consider greater end-use ap-

plications for cottonseed protein. The tremendous
interest in developing commercially available gland-

less cotton varieties and their anticipated growth

provide a sound basis to look critically at the charac-

teristics of glandless cottonseed protein.

This presentation will be limited to the nutri-

tional characteristics of glandless cottonseed prote-

in, its similarity to other oilseed proteins, and its po-

tential food/feed uses. The authors are well aware

that the functional or performance characteristics

of protein sources or both are of primary import-

ance in most new food-use applications. Past experi-

ence in selling products on their nutritional merits,

domestically, has not been highly successful, and

the future is questionable. Extensive research is

being conducted to determine the functional charac-

teristics of selected glandless cottonseed protein

products. The objective of this research is the estab-

lishment of use applications. Even though the nutri-

tional characteristics of glandless cottonseed prote-

in may be of secondary importance in certain use

applications, it is important to realize that this quali-

ty protein source has a tremendous potential applica-

tion in human feeding programs, nutritional im-

provement of staple food items, and for the' feed

industry.

In discussing the nutritional characteristics of

glandless cottonseed protein, one may begin with the

amino acid template. Table 1 shows the amino acid

composition of glanded and glandless cottonseed

protein. Realizing that amino acid values may vary

slightly with processing conditions and variations

inherent in the analytical methodology, one can obse-

rve that the two types of cottonseed have essentially

the same amino acid composition. The epsilon-amino-

free-lysine (EAF) is greater for the glandless prote-

in, which is expected, since it is known that gossypol

can bind lysine during processing (3).

One common measure of protein quality has

been the comparison of a protein source to a stand-

ard reference protein. Figure 1 compares the essen-

tial amino acid pattern of glandless cottonseed pro-

Table 1.—Amino acid composition of glanded and
glandless cottonseed meals'

Cottonseed Protein

Amino acid glanded glandless

G./16gN G./16gN

Lysine (total) 4.4 4.4

Lysine EAF 3.7 4.0

Arginine n.9 11.7

Histidine 3.0 2.7

Aspartic acid 9.4 9.1

Threonine 3.3 3.1

Serine 4.6 4.2

Glutamic acid 2L0 20.0

Proline 3.7 3.4

Glycine 4.2 4.2

Alanine 4.0 3.9

Valine 4.6 4.4

Methionine L5 1.5

Isoleucine 3.2 3.1

Leucine 5.8 5.9

Tyrosine 2.8 2.9

Phenylalanine 4.3 4.3

'Source: Texas A&M University, 1968.
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COMPARISON OF GLANDLESS COTTONSEED PROTEIN

WITH THE 1957 FAO REFERENCE PATTERN

140

120

% lOO l "* I IuFAO

80

60

n JZL

Figure 1.—Comparison of glandless cottonseed protein

with the 1957 FAO reference pattern.

tein to the FAO (IjJ reference protein. The only sig-

nificant departures appear to be methionine and iso-

leucine.

Another measure of protein quality is to deter-

mine the ability, of a protein source, to meet the

amino acid requirements of an animal critical in its

requirements. Figure 2 presents graphically the ami-

no acids contributed to a chick ration by a 35 percent

supplement, of either glandless cottonseed meal or

soybean meal. It can be readily seen that neither

glandless cottonseed protein nor soybean protein are

complete protein sources for the critical require-

ments of the growing chick. Research reported by

Fisher
(7J

and Anderson and Warnick (1) has shown
that cottonseed meal fed in semi-purified chick

diets, as the sole protein source, is deficient in lysine,

methionine, threonine, leucine, isoleucine, and possi-

bly valine.

Figure 3 illustrates why Farr and Watts (_6)

failed to obtain a beneficial response in practical-

type rations by supplementation of threonine, leu-

cine, and isoleucine. It can be seen that in the simpli-

fied ration composed of 65 percent corn-35 percent

glandless cottonseed meal, two amino acids would be

critical, namely, lysine and methionine. Lysine is

considered to be the first limiting amino acid in cot-

tonseed pretein. Methionine has generally failed to

give a significant response in practical rations utiliz-

ing glandless cottonseed protein (5, 6^ 15). Corn prote-

in completes the protein requirement of the chick

and supplies the needed threonine, leucine, isoleu-

cine, and valine to balance the ration.

AMINO ACIDS CONTRIBUTED TO A RATION

CONTAINING 35% SUPPLEMENTAL PROTEIN C><X3 Glandless CSM
F^^ SBM

^^B Protein Supplement

120-1

Lysine Methionine Tttreonine Leucine Isoleucine Valin

Figure 2.—Amino acids contributed to a ration contain-

ing 35 percent supplemental protein.

I
AMINO ACID BALANCE OF A 65 % CORN - 35%

SUPPLEMENTAL PROTEIN RATION
KXH^IonUless CSM

t=j SBM

I [

Corn

^^BProtein Supplement

Lysine Mettiionine Threonine Leucine Isoleucine Valine Total
Protein

Figure 3.—Amino acid balance of a 65 percent corn—35

percent supplemental protein ration.

Unpublished research at Louisiana State Un-
iversity, shown in table 2, illustrates the effects of

supplemental lysine and methionine in a 21-percent

broiler ration with soybean meal or glandless cotton-

seed meal supplying approximately 75 percent of

the total protein. These data show that chick gains

and protein utilization values are generally increased

by supplementing methinonine to the soybean meal-

corn rations. Lysine significantly increased the chick

performance in the glandless cottonseed meal ra-

tions. It is interesting to note slight improvement in

the glandless cottonseed meal treatment with ade-

quate lysine, when additional methionine was added;

this may indicate the response of the second most

limiting amino acid. The glandless cottonseed meal

treatment, with no supplemental methionine and 0.3
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Table 2.—Efifect of added L-lysine and DL-methionine on soybean and glandless cottonseed protein based
broiler rations

'

Added

lysine

Soybean meal

Glandless

cottonseed meal

Added methionine, percent

0.05 0.10 0.05 0.10

Gain^

Gain-

Gain^

Protein

utilization^

Protein

utilization'

Protein

utilization'

0.0 17.6 19.0 19.3 14.1 14.4 13.9

.3 18.5 19.1 18.3 19.3 19.8 20.1

.6 19.4 18.6 19.3 19.2 20.4 20.1

0.0 2.44 2.57 2.61 2.51 2.49 2.52

.3 2.62 2.67 2.59 2.71 2.73 2.70

.6 2.67 2.43 2.67 2.62 2.86 2.76

'Source: Louisiana State University, 1968.

'Gain expressed as grams gain/chick day, 30 birds/treatment

fed 28 days.

'Protein utilization calculated as weight gain per unit protein

consumed.

Table 3,—Effect of added L-lysine and glandless

CSM replacement of SBM in a practical

broiler ration'

Total gain

Level of Supplemental lysine, percent

replacement 0.06 0.12 0.18 0.24

G. G. G. G. G.

Basal 473

25 percent 517 521

50 percent 510 503 501

75 percent 500 501 507 497

100 percent 446 456 489 501 500

'Source: University of Arkansas, 1967, 40 birds/treatment fed

28 days.

percent added lysine, had superior performance as

measured by chick gain and protein utilization

values. They were fully equal to the soybean meal

treatments regardless of amino acid supplementa-

tion.

Table 3 presents data obtained at the University

of Arkansas (20, 25) from a commercially proc-

essed glandless cottonseed meal fed in a practical

broiler ration. The rations were formulated to be

equal in energy content and methionine levels. The

experimental variables were lysine supplementation

and glandless cottonseed meal replacement of soy-

bean meal.

The results of this 4-week practical trial were

that the replacement of 25, 50, or 75 percent soybean

meal protein by glandless cottonseed meal signifi-

cantly improved performance with no response to

added lysine. Performance on the 100-percent re-

placement was improved by lysine supplementation

and significantly exceeded that of the soybean con-

trol group when 0.12 percent lysine was added.

This complementary effect of combining prote-

in sources should have considerable importance to

the feed industry and others trying to improve the

nutritional value of mixtures of feedstuffs.

After the U.S. Department of Agriculture

announced intentions to purchase sizable amounts

of a protein supplement mixture, composed of

corn-soy-dried skim milk, for use in donation pro-

grams to underdeveloped countries to alleviate hun-

ger, it was decided, after considerable informal

discussion, that the cottonseed industry should inves-

tigate this potential market. In order for cottonseed

protein to be considered for government purchase

programs of this type, a requirement was to conduct

a series of protein evaluations to determine the nu-

tritional value of the formulated mixtures.

A series of experiments was designed and con-

ducted at Texas A&M University. The objectives of

these studies were to determine the replacement

values of cottonseed protein for soy and the re-

placement values of sorghum for corn. The evalua-

tions were conducted using standard AOAC methods

of determining protein efficiency ratios with rats as

the test animal. All data were adjusted to the casein

standard value of 2.5.

Table 4 presents results which indicate that with

no lysine supplementation, adjusted PER values de-

creased in both corn and sorghum based diets with

the addition of cottonseed protein. This was not sur-
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Table 4.—Replacement of soy protein with gland-

less cottonseed protein in a mixture

composed of corn or sorghum-soy-dried

skim milk'

Percent soy Supplemental lysine, percent

replaced 0.2 0.4 0.6

Corn, basal 2.59-'

25 percent 2.44 3.04

50 percent 2.22 2.88 2.87

100 percent 1.63 2.13 2.56 2.63

Sorghum, basal 2.37

25 percent

50 percent 2.27 2.63 2.77

100 percent 1.88 2.32 2.59 2.43

'Source: Texas A&M University, 1968.

^Adjusted rat PER, Casein = 2.50.

prising since it was known that the total lysine con-

tent of the diets was lowered by increasing the

amount of cottonseed protein.

Even more significant was that the replacement

of soy with glandless cottonseed protein, with ade-

quate lysine present, improved performance in both

the corn and sorghum based diets. The performance

obtained was fully equivalent in PER value to the

well known "CSM" standard mixture. These results

strongly indicate that a combination of soy and

glandless cottonseed meal may be fed to laying hens

could be of significant value in world feeding pro-

grams.

No discussion of the nutritional value of a pro-

tein source would be complete without discussing the

other nutrients present. Hill and Totsuka iU) deter-

mined the metabolizable energy values for glandless

cottonseed meal and found that they were compara-

ble to values reported for the more carefully proc-

essed glanded cottonseed meal. No differences be-

tween glanded cottonseed meal have been reported

for vitamins and minerals.

The presence of naturally occurring nutritional

toxins are deterimental to the nutritional value of a

protein source. The physiological effects of gossypol

are well known. The complete absence of these un-

desirable physiological effects has been reported in

numerous feeding studies using glandless cotton-

seed protein (chicks, _5, 1_5, 20; swine, 23, 24: and rats,

21,22).

The effect of gossypol on egg yoke discoloration

is one of the most sensitive biological indicators of

gossypol activity. Numerous studies have shown that

glandless cottonseed meal may be fed to laying hens

without the development of problems that are en-

countered when high levels of glanded cottonseed

meal are included in the ration {9 to.l3). For all pract-

ical purposes, it can be said that discoloration of

yolk would not occur when hens are fed practical

rations containing properly extracted glandless cot-

tonseed protein.

It is well known that the nutritional value of a

protein source can be altered significantly by process-

ing conditions. The amount of heat applied during

processing of cottonseed, to bind the free gossypol,

has a considerable negative effect on protein quality

of the meal. Since gossypol is absent in the glandless

cottonseed meals, this excessive heat is unnecessary.

Research (i^, 15_, 16_, 17, 19) has shown that a mild

heat treatment of glandless protein is necessary

for maximum utilization and chick performance. It

was suggested that optimum heat-moisture condi-

tions may be necessary to change the physical nature

of the protein for the chick to obtain maximum
benefit from the protein source {16, 18).

In 1966 and 1967, small amounts of glandless

cottonseed were processed in commercial oil mills {2^

8). The small amount of seed available did not allow

for optimum processing; however, proteins of supe-

rior quality were produced, judging by the results

obtained in the comparative feedings at the Un-
iversity of Arkansas, Louisiana State University,

Texas A&M University, and elsewhere. All perform-

ance data presented in this review are from gland-

less meals which were commercially processed.

In summary, it can be concluded that the genetic

absence of gossypol, together with the resulting

processing opportunities, allows the establishment

of the true potential of cottonseed protein.

Numerous feeding studies with animals critical

in their nutritive requirements have demonstrated

the superiority of glandless cottonseed over other

protein sources, when fed a nutritionally balanced

ration. Since glandless cottonseed protein is marginal

in lysine, the response of this protein source is close-

ly related to the other ration components and will

perform accordingly. The potential use of glandless

protein will depend on a combination of factors,

included are nutritional properties, functional char-

acteristics, and market demands.
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DISCUSSION

Question: This amino acid analysis didn't show
anything in tryptophan. Do you have an analysis for

tryptophan?

Dr. Smith: As you are aware, tryptophan analys-

es are difficult because of the low stability of this
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particular amino acid. We do have analyses for tryp-

tophan and it would appear that glandless and gland-

ed cottonseed proteins are not significantly different.

Qne>itio}i: I was noticing the PER for rats—they

decrease as you increase the quantity of cottonseed

meal instead of soy, whereas on chickens the growtn

increases. Do you have any explanation for this?

Dr. Smith: We feel that this observation could

be in part a lysine response. We have seen results

even when protein was provided in adequate

amounts, that a given meal could support signifi-

cantly better performance with the chick than when
fed to the rat.

Question: Do you have any data or any idea of

what the optimum temperature of processing is to

optimize the protein utilization?

Dr. Smith: There are considerable data on proc-

essing temperatures. Research at Louisiana State

University has shown that glandless cottonseed pro-

tein, at least for the chick, has to have a mild heat

treatment to obtain maximum nutritional value. It is

thought that the mild heat is needed to slightly dena-

ture the protein for better utilization.

There are extensive data on glanded cottonseed

meals and the temperature-moisture conditions

needed to bind and inactivate the gossypol in the

meal.

Question: Well, the first question that was asked

was the fact that there seemed to be a discrepancy

between PER and growth response in chicks. Do you

think the fact that the PER is one of the critical

protein level whereas the protein available in a chick

diet is not at a critical protein level may have had
something to do with that?

D): Smith: This is a definite possibility.

Question: I noticed that when you replaced soy-

bean oil with 100 percent cottonseed meal, you re-

quired approximately 0.12 percent lysine as equal to

the soy diet. Assuming that lysine is now available at

$1.00 to $1.25 per pound, this is about $2.40 to $3.00

per ton. Is the spread between soybean oil and cotton-

seed enough to make this an economical

combination?

Dr. Smith: This is a good question and not a sim-

ple one to answer, mainly because it involves many
factors. Other ration components are important. It

is possible to include other ingredients, such as fish

meal, to supply part of the needed lysine and such a

source may be even more economical than synthetic

lysine.

Another factor is the relationship of econom-

ics to performance. Maximum performance is not

always necessary for maximum economics.

Traditionally cottonseed meal has been priced

from 5 to 8 dollars a ton under soybean meal be-

cause of the lack of use-flexibility resulting from

the presence of gossypol. As glandless cottonseed

meal becomes available commerically, we feel that

this traditional price spread shall narrow; how much
will depend on lysine balance in part and general ac-

ceptance by the feed manufacturer.
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USE OF OILSEED PROTEINS IN DAIRY PRODUCT SUBSTITUTES

by

A. N. Prater, M. E. Powell, and M. M. Sterner

Consultant, Encino, Calif., Consultant

Glendale, Calif,; and Meals for Millions

Foundation, Santa Monica, Calif., respectively

(Presented by A. N. Prater)

Milk and dairy products constitute an excellent

group of foods with good nutritional characteris-

tics. They are oftremendous commercial import-

ance in the United States and in other industrialized

countries. Their production, distribution, and utiliza-

tion are influenced and controlled by an amazing
collection of public health, political, social, and eco-

nomic constraints at every conceivable level.

In many parts of the world, dairy products are

rare. In the United States and other countries of

similar development, advances in science and agri-

culture had led to an increasing pressure for the

development of dairy-type food substitutes rang-

ing from mixtures of dairy and non-dairy raw ma-
terials to those that are complete substitutes and
contain no dairy products. In the United States, this

development is supported, mainly, for reason of

economics, and the substitutes are tailored to be as

close as possible to the original from the standpoint

of flavor, appearance, and consumer acceptance. The
substitutes should also have the essential nutritional

characteristics of the original. At present, there are

on the market various products, some of which do or

do not have substantially equal nutritional qualities

as the original which is being imitated. In those areas

of the world where dairy products are in short sup-

ply or are nonexistent, substitute products offer a

means of alleviating food shortages, especially of

protein-rich foods. Development of requisite tech-

nology in the United States will be of assistance on a

worldwide basis.

While substitute dairy products are not new on

the scene, advances in the manufacturing technolo-

gy of oilseed proteins, casein derivatives, emulsi-

fiers, flavorings, etc., have led to the recent commer-
cial introduction of many substitute dairy products.

There is an attractive economic incentive for the

manufacturers of the protein isolates, protein deri-

vatives and other ingredients. There is a similar eco-

nomic incentive for those who will produce and dis-

tribute the prepared, ready-to-use dairy product sub-

stitutes. Whenever there is this economic incentive,

there is also present the unethical opportunist.

At present, there is a fast developing and rapid-

ly changing penetration of the market with substi-

tute dairy products. Imitation milk is a good exam-
ple. Initially products ranging in nutritional quality

from good to very poor were introduced. It was pos-

sible to find imitation milk with 3.5 percent protein,

the quantity present in natural milk, and some with

less than one-half of one percent. Many, if not all,

of the shoddy low-protein products have been re-

moved from the market place. Yet some trade litera-

ture is still being circulated proposing formulations

grossly deficient in protein. There is no place for the

poor quality products. Those not already chased

from the market will disappear shortly, if not by

regulation, by competition from the better products.

Of course, as it is inevitable and to be expected,

there has commenced demands for more controls,

standards, restrictions, etc. For every dairy product

there exists, or could exist, a product that is partly or

entirely prepared with substitute ingredients such as

milk, cream, cheese, sour cream, and ice cream. Ex-

cept in a few instances, coffee cream, for example,

dairy products are important contributors to the nu-

tritional adequacy of the diet, and any substitutes

should give substantially equal nutritional benefits.

As is well known, milk is an important source

of high-quality proteins, minerals (especially cal-

cium and phosphorus) and B-complex vitamins. Any
substitute should be adequate with respect to these

nutrients. Perhaps the simplest summation in regard

to the nutritional requirements of substitute dairy

products is the recent statement by Philip L. White,

Secretary of the Council on Foods and Nutrition of

the American Medical Association, published in the

March 1968 issue of "Today's Health":
"— unless one is sure that the nutritive value is

equivalent to whole milk, such products should
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not be depended upon to replace milk in the diet

of children— ."

At present, most substitute dairy products con-

tain nonfat milk solids. In some cases these solids

are used in combination with sodium caseinate or

vegetable protein isolate. This is done in an attempt

to impart the fluid milk flavor and maintain its nutri-

tional values. It has proved very difl^icult to prepare a

complete nondairy substitute that matches the nutri-

tional and the flavor characteristics of fluid whole

milk. The flavor characteristics of vegetable protein

isolates that are commercially available today are too

pronounced to be used in imitation milk formula-

tions at levels sufficient to give comparable protein

percentage of whole milk. The manufacturers of

vegetable protein isolates are endeavoring to develop

improved products without these flavor defects.

However, the cost of producing these isolates has

thus far placed an economic restraint on their use as

a substitute for the less expensive nonfat milk sol-

ids.

Sodium caseinate which is manufactured from

nonfat milk is a high protein product with good biol-

ogical value. The casein is first extracted from the

milk with acid and is then converted into a soluble

product by addition of a sodium compound. The

remaining milk ingredients are discarded. Sodium
caseinate is used in whole or in part as a substitute

for the protein in nonfat milk solids, but the overall

quality of the finished product is considered inferi-

or from the taste palatibility standpoint in direct

proportion to the amount of substitution.

Furthermore, sodium caseinate poses an inter-

esting labeling situation. The Food and Drug Admin-
istration considers sodium caseinate to be a chemical

product derived from milk. In some products which

contain sodium caseinate the claim is made that

there is no dairy product present. This is true when
the legal definition of milk is applied, but the im-

plied inference that no product from milk is pre-

sent is misleading.

For a number of years the Federal and many
State control agencies have recognized "Filled Milk"

as a substitute product in which the milk fat has

been removed and a diff'erent oil or fat added as a

replacement. For this purpose, coconut oil or other

partly hydrogenated oils is used. The nonfat milk

solids are not modified, but remain unaltered in the

final product. "Filled Milk" does not contain oilseed

protein.

When a product is compounded to contain no

dairy ingredients, such as one made with vegetable

oil and vegetable protein, it must be labeled as "Imi-

tation." This requires the listing of all ingredients

on the label. The labeling should not bear false

claims about nutritive values nor show descriptive

materials imply dairy origin.

While there are certain trade secrets in the

formulation of dairy products substitutes, the es-

sential technology is well-known and readily availa-

ble. There are several patents covering the separation

and the use of various protein concentrates and iso-

lates. In addition, there is considerable advice availa-

ble in the trade from the manufacturers of the

various ingi-edients.

Typical ingredients of dairy products substi-

tutes marketed today are . . . water, nonfat milk sol-

ids, protein isolates, fat, sugars, emusifiers, stabiliz-

ers, flavor, color, vitamins, and minerals. With the

exception of the protein component, there is availa-

ble a fairly wide choice for each of these ingredi-

ents, the individual selection depending upon the par-

ticular product and the mixing equipment used.

In vast segments of the world population milk

is not used and shortages of protein in the diet pre-

sent staggering nutritional problems. To meet the

need of protein in these areas, as well as basic suste-

nance of the population, many sources of vegetable

protein have been explored. Because of functional

properties, low cost, and abundance, the soybean has

been outstanding as a source of both oil and protein.

Fortunately, soy protein has good nutritional proper-

ties. The amino acid profile is lacking slightly in

methionine, but by a relatively simple and low-cost

fortification with this amino acid the soy protein iso-

late becomes equal to or superior to casein as shown

in standard protein evaluation studies.

Flavor problems have interfered with the use

of soy flour and soy derivatives. As mentioned

above, soy protein concentrates and isolates retain an

objectionable flavor that is not readily accepted nor

easily masked. This is true especially to the tastes of

the Western peoples. Increasingly better products are

being developed, and today there are some isolates

commercially available that can be used as a partial

source for the protein in dairy product substitutes.

Work continues on the improvement of these iso-

lates.

These edible soy protein isolates are produced

under conditions to eliminate undesirable soy frac-

tions and preserve the quality of the soy protein.

Their cost now is comparable to sodium caseinate,

the milk protein derivative commonly used, in whole

or in part, in imitation dairy formulations.

The utilization of cottonseed protein for imita-

tion dairy-type products has not found its way into

the market place in any significant amount. Prob-

lems relating to the removal of the toxic factor,

gossypol contained in tiny pigment glands, have mili-
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tated against the production of a suitable isolate

with compatible color.

More recent processing developments promise to

pave the way for economical isolation of suitable

cottonseed protein to compete with soy isolate and
casein in dairy products substitutes.

Relatively recent developments in plant breeding

to produce glandless seed holds promise in the fu-

ture of using gossypol free cottonseed meal as a

source for protein isolates with a bland flavor and
white color. Other factors, however, relating to the

quality of protein must also be dealt with since

there appears to be some limiting amino acids.

A peanut protein isolate has an even larger im-

balance of amino acids when related to the FAO
reference protein. There appears to be four limit-

ing amino acids: lysine, tryptophan, methionine, and

threonine. There are two types of peanut protein

commerically available, one is an isolate of approxi-

mately 90 percent protein content and the other is a

lipo-protein with about 68 percent protein and 27 per-

cent fat. The latter is produced by an impulse ren-

dering process commonly known as the Chayen proc-

ess. These peanut products have not been used to any

extent in the manufacture of dairy products substi-

tutes.

Other oilseeds offer some promise as a source of

protein isolates. There is considerable merit in pursu-

ing research into the production of protein isolates

from safflower and sesame. Saffiower at present is

an important minor oilseed crop. Sesame could well

become an important oilseed crop in the United

States. It already is a prominent crop in many areas

of the world. The oil extracted is extremely stable,

and the protein isolated from the oil free residue is

of good quality.

Legumes, such as chickpeas, also offer promise

as a source of protein isolates. Further research

needs to be done on the combination of various veg-

etable proteins to improve the biological value, func-

tional values, and the flavor characteristics.

When sodium caseinate or oilseed protein iso-

lates are used in making imitation milk, sodium is

substituted for calcium normally present in natural

milk. Since milk is a major source of calcium in the

diet of people in the United States, the drastic de-

crease of this mineral in imitation milk could be dis-

astrous, especially to infants, as well as others who
are consuming only marginal levels of calcium. Fur-

thermore, the very high sodium content of imitation

milk could be very serious to those who are endeavor-

ing to limit their intake of sodium. The important

mineral nutritional requirements and interrela-

tionships must not be overlooked.

The use of oilseed protein concentrates and iso-

lates will be influenced strongly by considerations of

economics and quality. As products of improved
flavor, improved nutritional quality, improved func-

tional quality, and lower cost become available, we
will see increased use of these as ingredients in sub-

stitute dairy products. In the United States these

substitutes will be sold in the market place under
highly competitve conditions. There will be no lasting

place for inferior products.

In the less developed countries, considerations

of need will overshadow the economic picture. It

may be that subsidies in one form or another will be

available, if not over the long term, at least in the

development and introductory stages. In the areas

which have some milk, but only a limited supply,

products can be formulated consisting in part of

milk and in part of oilseed proteins to extend the

supply. Specific food items or classes of items tai-

lored to the tastes of the consumer must be deve-

loped for each country or region.

It is known that adult negroes have difficulty

digesting milk and dairy products that contain high

levels of lactose. This is because of the absence of

the enzyme Lactase in their digestive tracts. It is pos-

sible that dairy products substitutes that contain lit-

tle or no lactose, yet provide adequate nutrition, will

find a large market among adults of these races.

Whatever the ultimate product or wherever the

market, to develop a stable, enduring, utilization of

oilseed proteins in dairy products substitutes, it will

be necessary to establish the nutritional adequacy

of each such item and to manufacture only those

products that measure up. With our existing technol-

ogy we either have or soon will have alternate sources

of oilseed proteins for such ingredient use.

DISCUSSION

Question: I have seen reference to the Philip-

pine work regarding the fact that coconut oil would
be deleterious to children.

Dr. Prater: Sir, I am not a nutritionist. I very

carefully restricted this discussion to the use of oil-

seed proteins. There is considerable literature on the

substitution of available fats. There is quite an

argument going on about the adequacy of coconut

oil, but I am sure there are others here who could

comment much better than I on that subject.

Questioyi: I would like to clarify a few issues on

sesame. It is a very good oil and a very good meal,

and it is a very desirable product. But production just

doesn't seem to be there to suggest that the farmers

in the United States will adopt it.
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Do you have some information that would

change this?

Dr. Prater: No., I am recommending that it be

considered and that further research be done to

stimulate the production of it and its utilization.

The worldwide distribution is large and the implica-

tions of an increase in production and utilization of

sesame could be very good on a worldwide basis.

However, I have no production figures other than

what you have.

Comment (Dr. Miravalle):

I think that with the advent of the high oil in

sunflower and the interest that is being demonstrat-

ed since it is a 100-day crop, give or take a little bit, it

might well be possible to double crop—one with sun-

flower and one with sesame. I think this is worth
looking into, if the interest is there.

Dr. Prater: I would like to ask a question. When
are the producers of the protein isolates going to

come up with one with a better situation with regard

to the sodium and calcium contents? Is anything

being dt)ne to produce an isolate that has a low^ so-

dium content and a higher calcium content? Would
anyone care to comment on this?

Mr. Meyer: Yes. There is w^ork going on in this

area and I am going to say a bit about it later on in

the Conference.

Potassium caseinate has been offered for sale

and certainly this has some merit for consideration.

I would heartily subscribe to the fact that there is

need in this calcium area and there is some work
going on.
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NEEDS AND POTENTIALS FOR OILSEED
PROTEINS IN U.S. CONVENIENCE FOODS

by

R. Thiessen, Jr.

General Foods Corporation

Tarrytown, N. Y.

It has been said that "he who builds a better

mouse trap will have the world beat a path to his

door." Similarly "he who perfects bland oilseed pro-

tein concentrates will have the American food pro-

cessers beating a path to his door."

Let's go back a bit and see where we have been

and where we are going in this area of convenience

foods.

Over the years man's food habits and eating

habits have changed drastically—they are still

changing—and oilseed proteins will become increas-

ingly important in this change. Man's food habits

have changed from eating wild berries and fruit,

cracked seeds, roots, raw fish, and meat to eating

sophisticated foods and whole meals, the ingredi-

ents of which bear little resemblance to the agricul-

tural commodities from which they were prepared.

As man ceased his wanderings and settled down to a

more permanent home he learned to grow much of

what he needed and to maintain animals for food.

This led sometimes to a surplus of food which he

gradually learned to preserve by drying, salting,

smoking, and pickling. Only recently, however, has

man really been able to carry over from one harvest

to another large supplies of foodstuffs. This has

become possible through advances in high yielding

seed stock selection, cultivation practices, fertiliz-

ers, agriculture control chemicals, selection of fast

growing meat animals and poultry, and through the

invention and development of sophisticated technol-

ogy for preservation of the excess food.

This great increase in food supplies and con-

comitant preservation technology has been accompa-

nied by a simultaneous diversification of the forms

in which the food supply appears upon the grocery

shelf—from grain stored in pits dug in the ground

to corn flakes in an attractive box—from meat

smoked over an open fire and hung in a cave to pack-

aged cooked succulent products—that sometimes

don't even need further preparation—and now com-

plete casserole dinners that need only the addition

of water and heat to make a meal.

While man's food supply was changing, his eat-

ing habits have also been remodeled, chiefly because

of increased food supplies and most recently be-

cause of altered living habits. Because cultivation

of grains and vegetables and the raising of lives-

tock, man ate what and when he found or killed

something—and most likely starved in between. He
was either a nibbler or a gorger and his eating habits

depended upon his food supply. As he learned to

preserve food he could space his meals to greater

advantage to fit his other living habits. In our time,

three meals a day has become quite customary, and

we tended to stuff ourselves at breakfast, lunch, and

dinner. Man worked hard and needed a heavy break-

fast and he ate it early. By lunchtime he was hungry

again and had a good appetite. The same thing at

dinner—and since he did not have much diversifica-

tion of entertainment and amusements he generally

went to bed early—no evening snacks.

The eating habits we see today, however, are

diversifying rapidly. Breakfast for many is no

longer a family meal— for many reasons. People

are not as active as they used to be, their caloric re-

quirement is down and they are not hungry in the

morning. They stay up too late at night because of

amusements and sleep so late the next morning they

have no time to eat. Some think skipping breakfast

is a good way to lose weight. Members of the fami-

ly must leave the house at different times. More hou-

sewives are working and have no time to fix break-

fast. And so it goes.

No breakfast led to the coffee break on the job,

and this for many is breakfast.

Similar factors are changing luncheon habits.

Dinner is another story. "Eating out" is on the

upswing. The family, en masse, or individually, not

only finds the restaurant a good place to eat, but is

invading the hamburger stand in increasing hordes.

Mom and Pop find it a great place to take the kids.

Eating at home, too, is changing. Millions of

housewives work and dinner preparation must be

somewhat of a hurried affair—the family wants to
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go to the movies or the basketball game right after

dinner, or few of the family are there to eat—
father's bowling—Jane has a dinner date, and so on,

and thus dinner habits are changing.

There is nothing so permanent as change—and

changing eating habits are forcing changes in the

forms in which food is available. This finally is

where oilseed protein makes its entry.

The food industry has seen the need for pack-

aged foods which fit into these new meal habits, and

there is a growing list of what have come to be called

convenience foods. The December 1967 issue of

Family Food Economics, USDA, points to the in-

creasing use of convenience foods. Increased spend-

ing for these foods varied from 24 to 56 percent

—

the lowest in the North Central States, the highest in

the South. Importantly, the lower income groups in-

creased their use more than the higher income

groups.

Convenience foods already are occupying consi-

derable shelf space in the supermarkets. Conveni-

ence foods as a class encompass many types such as

canned soups, canned fruits, canned vegetables,

canned juices, soluble coffees and teas, frozen

fruits and vegetables, frozen juices and flavored

beverage powders, etc. In fact, almost any pre-

packed food that requires little or no preparation in

the kitchen has been called a "convenience" food.

For our consideration here, however, I would like to

define another type that one might call "fabricated"

food. These consist generally of two types, those in

the frozen food case and those on the regular shel-

ves as dry products. Both kinds, however, are basical-

ly the same in that the raw materials used in their

formulation are "natural" ingredients—that is, they

consist of meats or cheeses, together with vegeta-

bles or pastas, and probably with some type of a

sauce. The frozen products contain the appropriate

base, water and juices, or are concentrated, while

those on the regular shelf are dehydrated. The im-

portant point I want to make here is that nearly

every one of these products is composed of com-
monly available "natural" ingredients. By natural, I

mean that the protein portion is probably meat or

cheese, the pastas are readily available noodles or

macaroni, etc., and the fat is a commonly available

vegetable derived fat with perhaps some animal
fat. These are the products that invite the use of

oilseed proteins as substitutes, or partial substitutes,

for the protein part of the food, meat or cheese. In

very few of these food products today, however, is

the protein derived from an oilseed source. I don't

want to imply that none of them have oilseed der-

ived protein, I'm saying they are few and far be-

tween.

Why are there so few products with protein der-

ived from oilseeds? The answer is simple, there are

not available today oilseed proteins or protein con-

centrates that fulfill all the expectations and desired

attributes that must be built into these convenience

food products to make them nutritionally equiv-

alent to the natural foods they replace and, above

all, to make them acceptable to the consumer from

an eatability standpoint. These two attributes are

mandatory. You don't have a marketable product

without them.

We cannot consider oilseed derived proteins as

whole foods since they serve only as concentrates

of protein, and we must use them as ingredients

rather than whole food per se. What then is the posi-

tion of oilseed proteins and what can or do they con-

tribute to convenience food formulations? We see

two contributions—nutritive and functional. Let us

consider nutrition first.

A convenience food is designed, generally, to

replace a natural food but in a form which may be

prepared rapidly in the home kitchen without too

much muss or fuss, but with just enough, however,

to make the homemaker fee! she has contributed to

the feeding of her family. This has to be a fine

balance—she wants the convenience yet she wants

the feeling of having delivered something—a con-

tribution to her family with her own hands. The

point is—this food will replace something in the diet

—meat or potatoes—or whatever it might be. There-

fore, the food should contain all of the nutrition

of the product it replaces. If we do not do this, we

are going to get ourselves into a position where, be-

cause of the rapid increase in refined or fabricated

foods, the diet may become deficient in micronu-

trients— first probably the trace minerals and vitam-

ins. Nutrition mirroring that of the natural product

must be built in.

Nutrition as such, however, is taken for granted

by most consumers and so it is difficult to sell a food

product on a nutritional basis. Some consumers, of

course, are receptive to a nutritional theme, and

there have been successful products. Usually, how-

ever, a sales approach based on good flavor, te.xture,

color, and convenience will be more successful. If

nutrition, protein nutrition, is what we have an inter-

est in here at this conference, is not an important

sales factor today, what is the important factor?

As I have eluded to previously, it is physical

functionality.

It is vitally important to the successful applica-

tion of oilseed protein, whether a concentrate or an

extract, that it have one or more of the following

characteristics:
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First of all it should be bland without strong

flavors so that desirable flavors may be added to

make an acceptable food product. The same is true

of color. Off flavors and the presence of undesirable

color have been discrediting factors of many oil-

seed protein products. Flavor and color problems

may be mitigated by the presence of added strongly

flavored ingredients, but this flavor and color prob-

lem, particularly flavor, up to this time, has limited

the amount of oilseed protein that can be used in a

product. A bland flavored preparation is thus a vital

attribute to its success as a convenience food ingre-

dient.

Having a bland protein product, one now has

something potentially useful and one can look for

other functional attributes.

Since meat is our main source of protein, and a

costly protein, substitution with less expensive prote-

in with meat texture characteristics would seem to be

potentially profitable. The oilseed preparation, there-

fore, should be processable. The food technologist

should be able to work the material so that it may be

spun into fibers, or layered, or whatever he may
devise to simulate the texture and eating qualities of

meat. Furthermore, these textured materials should

be able to absorb color and flavor.

Water binding and rehydrateability are func-

tional factors of great importance. If the final

food product will not take up water rapidly and to

the right amount, acceptable textural and mouth-
feel qualities will be low. Rehydration is one of the

more important functional factors and this is of-

ten a deficiency of an otherwise useful raw ingredi-

ent.

Other functional properties of interest to the

food technologist are whipability, heat coagulation,

gelation, and dispersibility. One does not expect all

of these functional attributes in the same prepara-

tion, but let me emphasize, that all of these factors

are important—not only important but a must. Too

often protein concentrates are functionally like so

much sand.

If technologically it is possible to manufacture

organoleptically acceptable and adequately nutri-

tious products with the protein derived from oilseed

and the need for these foods has been established,

what is the potential size of the market? Let us look

at this from the aspect of protein sources available

or consumed in the United States today, together

with the price of these proteins, for in further

consideration of the potential for oilseed proteins

as food constitutes we must weigh such protein in

context with all other available proteins and their

price.

First of all what does the average U. S. person

consume per day of protein? (You will allow me to

say "average U. S. person," although we know there

is no such thing.)

Various sources will give slightly dift'erent fig-

ures but the following seems to be near the mark.

With a protein intake near 14 percent of total

calories, the U. S. protein consumption is about 92

grams per day per person. (The latest USDA house-

hold food and nutrition survey places the protein

intake at about 105.8 grams per person per day.)

However, if we use the first value, 64.8 grams of

this is animal protein and 27.2 grams is vegetable.

The animal protein is further broken down to

23.7 grams protein from meat, 5.2 grams from

poultry, 24.2 grams milk and dairy protein, 6.1 grams

from eggs, 2.5 grams from fish, and 3.1 grams

from miscellaneous sources. The sources of 27.2

grams of vegetable protein are 4.5 grams from tub-

ers and nuts, 7.1 grams from fruit, vegetables, and

potatoes, and 15.6 grams from cereals. The last is

mostly from wheat— 12.8 grams, with 2.8 grams

derived from other cereals.

What part of this protein now, would we like to

replace with oilseed protein? Obviously not the prote-

in from tubers and nuts, fruits and vegetables, and

potatoes, fish, or eggs— a sum of 21.2 grams plus

that from "other", giving a total of 24.3 grams, and

leaving 67.7 grams possibly to be replaced. It is

doubtful that one would want to replace the cereal

protein, although in some cases it might be advisable

to supplement this with oilseed protein. Let's sub-

tract the 15.6 grams of cereal and come back to this

supplementation later— that leaves 52.1 grams of

protein from meat, poultry, and dairy. With 200

million people in the United States, this amounts to

about 11,475 tons per day, or about 4 million tons per

year. Obviously this is maximal and we are not going

to replace all of this with oilseed protein. If we
were to substitute for 10 percent, the amount would

be 1,100 tons per day or about 400,000 tons per year.

Can we make this? The chief oilseeds to be con-

sidered are soy, cottonseed, and peanuts. In 1966 the

U. S. production was 931 million bushels of soy-

beans and at 35-percent protein yield 9,775,000 tons

of protein. In the same year the U. S. produced 2,-

695,000 tons of cottonseed meal and cake giving 1,-

139,900 tons of protein (42.3 percent). In 1966 peanut

production was 1,205 tons or 324 tons of protein

(26.9 percent). This is a total of 11,000,000 tons of

protein or about 26 times that needed to replace 10

percent of substitutable protein. As you may readily

see, most of protein supply is in soybeans, and for

the next few years the supply seems to be ample.
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I cannot predict how fast the market for oil-

seed protein is going to grow as used in convenience

foods in the United States. As you well know the

competition for this market is getting hot, as one

may judge from the two recent requests to the Food
and Drug Administration to develop standards for

vegetable protein products. At least nine companies

that I know of, there may be more, are prime produ-

cers of the protein or processors of the protein into

ingredient products for sale to the final food manu-
facturer.

At present these ingredient products, which may
be fibrous, textured, chips, chunks, flakes, shreds,

slices, rolls, granules, pulTs, cubes, or flours, are

finding application in such convenience foods as

dehydrated soups, dehydrated main dish mixes,

hamburger-type products, meat loaf, stews, chili-

type products. Oriental-type mixes, and pizzas. These

intermediate ingredient products may be plain or

flavored to imitate ham, or beef, or cheese, or chick-

en, and so forth. The tendency at this time seems to

be to use oilseed protein in those types of food that

contain comminuted protein rather than large pieces,

because of texture problems, and most importantly

rehydrate—water absorption—problems.

Another use for oilseed protein is the fortifi-

cation of ready-to-eat breakfast cereals. There is a

growing tendency to increase the level of protein in

breakfast cereals and to improve its protein nutri-

tional value. This is very helpful in getting more
protein into the meal when eggs are not consumed.
The potential for oilseed protein use in these prod-

ucts is fairly large if such were available in bland

form. Cereal flavor is generally mild and a protein

supplement must be almost flavorless to be useful in

these products.

The potential for the use of oilseed proteins

will, of course, depend upon their cost in relation to

the price of meat, milk, and cheese they are intend-

ed to replace. At present the most important source

of protein would be the soybean. The 1966 yield of

merely a billion bushels of soybeans made available

nearly 10 million tons of protein. Nearly all of this

goes for feeding livestock, but a large part of this

could be diverted directly to human use thus circu-

mventing the inefficiency of the converting animals.

Sometime in the near future we will have to do this.

The cheapest material would be defatted soy

flour with a protein content of 52 percent at a cost

of about 9 cents per pound. Soybean flour and soy

flavor reversion problems, however, prevent the use

of any high level of this in human foods. The use

of isolated protein products circumvents these

flavor problems to some extent, but not completely.

These isolates and concentrates have a wide range of

prices depending on their protein content, form,

added flavors, and so on. These prices range from
about 18 cents a pound to about a dollar and a half a

pound. These price levels should remain fairly sta-

ble for the time being. However, like any other sup-

ply and demand situation if human food use should

really take off, inroads would be made into the ani-

mal feed supply and a readjustment of price would

take place as the use of cottonseed cake for chicken

feed pushed up the price of this commodity. The
same situation would result with peanut proteins, or

any other protein source, but more quickly since the

supply is not as great as that of soybeans. Thus,

there will have to be adjustments in the cost of oil-

seed proteins useful for human food.

You might ask after all of this—well, what is

the potential for oilseed protein? The potential is

good if the flavor and texture problems can be so-

lved. There is little potential if they cannot be. You
will not get people to eat your product if it does not

taste good or eat right regardless of how nutritious

it is. If starving people in the developing countries

will not eat food because it is foreign to their pal-

ate, how do you expect affluent Americans to eat it if

its taste and texture are not right? Furthermore, I

must emphasize that there will be an upchange for

obtaining bland functional protein concentrates,

and there will be an economic balance between the

value of protein for livestock feeding and for

human feeding. Just because soy protein looks inex-

pensive today as obtained from nine cents soy flour

does not mean this situation will be static.

I believe these problems can be solved and there

is a substantial future for highly acceptable oilseed

protein preparations.
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SOY-PROTEIN PRODUCTS FOR FOOD

by

E. W. Meyer
Central Soya Co., Inc.

Chicago, 111.

A recent report to the United Nations empha-
sized the tragic fact that despite all efforts to date,

world food production is falling behind population

growth with a widening of the protein gap {!]. This

report stresses, in one policy objective, the need to

increase the direct food use of oilseeds and oilseed

protein concentrates by a broader segment of the

human population. Progress in achieving a truly sig-

nificant increase in oilseed utilization, with due rec-

ognition of the attendant problems of both techni-

cal and non-technical nature, has been woefully

slow. Yet I think there are many who would agree

that there are signs of gathering momentum in

overcoming technical problems in the production and

utilization of oilseed protein products, and in gain-

ing an acceptance of these as a source of food pro-

tein.

Numerous publications and reports have de-

scribed the potential of the soybean as a source of

additional food protein (10) . Today I wish to review

the domestic commercial production of soy protein

products, to describe the basic features of their

composition and properties, and finally, to briefly

discuss their utilization in domestic foods particu-

larly in relation to functional value and nutritional

contribution. Progress in domestic production and

utilization should provide a useful reference point

in their adaptation to the needs of protein-poor

developing countries.

The soy protein products that are produced in

significant volume today include soy flours and grits,

the soy protein concentrates, and the soy protein iso-

lates. Of these, soy flour and grits constitute the

largest volume. In the main the processing of these

products is based upon the well-established technolo-

gy of solvent extraction of soybeans for the pro-

duction of oil and meal (fig. I) {12}. However certain

practices have been introduced over the years in

adapting processing techniques to the production of

food-grade products. More attention is now given to

the selection and cleaning of the beans, to sanitation

in processing and microbial control, and to process

SOY FLOUR PROCESSING

SOYBEANS
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Cracking

Dehulling

1

Solvent DefoHing

r
Millino Cooking- Chemical Heot Extru sion

cing
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Village

Toasting Treatment Processing Coo Process

Mill ng Mill rg Mill ng Mill ng

Defottod Flours

v
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control for desired functional and nutritional

value. Selected field-run beans are cleaned to remove

foreign matter of field origin. The beans are then

cracked, dehulled, tempered, and flaked for solvent

extraction. Extraction is done in continuous counter-

current fashion with a hexane "cut" of petroleum

hydrocarbons. Desolventizing and subsequent moist-

head treatment is critical in producing defatted

flakes having varying characteristics for different

end use. For the isolation of protein and for

"white" flours for certain processed foods wherein

the wet food product is heat processed, minimum
heat treatment with maximum nitrogen dispersibili-

ty is desirable. On the other hand, more extensive

moist-heat treatment is employed for development

of maximum nutritional value, lower nitrogen dis-

persibility, and improved flavor. This should be of

concern where the flour or grits is used for food

without further wet-heat processing. Moist-heat

processing has also proved of value for developing

functional characteristics such as absorption and

viscosity behavior.

In recent years, treatment of soy flour with

chemical reagents such as hydrogen peroxide, calc-

ium chloride, and certain acids has been introduced

(12, 23, 2Jt) . It is claimed that such treatment gives a
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product of improved flavor with retention of func-

tional characteristics desirable for bakery items.

Full-fat soy flours are produced in much lesser

volume than the defatted products. These are ob-

tained by wet-heat processing full-fat bean chips

and then drying and milling the treated chips. Sever-

al newer processes for full-fat soy flour have been

developed. These were prompted by the need for

low-cost installations for small commercial central-

ly located plants and for village operations in deve-

loping countries. The processes are described as ex-

trusion cooking (19, 21

)

and village process. The ex-

trusion cooked product is reported to have good flavor

and nutritional properties.

Several types of lecithinated soy flours are pro-

duced in this country. These are made by mixing soy

lecithin, up to a level of about 15 percent, with de-

fatted soy flour. Such products were designed to in-

corporate the food functionality of the crude phos-

pholipids including their wetting, emulsifying, and

shortening properties.

Typical gross compositional characteristics are

shown in table 1.

Table 1.—Typical proximate analyses of soy flours

Soyflour

Protein

(NX 6.25) Moisture Fat

Crude

fiber Ash

Full-fat

Defatted-

Lecithinated

Pet.

46.6

59.0

48.6

Pet,

5.0

7.0

5.5

Pet,

22.1

0.9

16.4

Pet,

2.1

2.6

2.2

5.2

6.4

5.3

'Moisture-free basis.

-The defatted flours are available in a variety of heat treat-

ments and partieal sized.

Current typical domestic food uses of soy flour and
grits are:

Bakery products Meat products

White bread Frankfurters

Doughnuts Bologna

Sweet goods Luncheon loaves

Waffle and pancake mixes Patties

Specialty crackers Chili

Breakfast cereals Infant formulations

and junior foods

Dietary items

Bakery products and processed meat products are the

major outlets. Although functionality is the main
reason for utilization, the soy flours provide good
nutritional value. With the changing price structure

of milk, there has been an increasing substitution

of soy flour for nonfat dry milk in bread and the

like. In other areas of use, such as breakfast cer-

eals, hypoallergenic infant formulations, and ju-

nior foods, nutritional contribution is of prime
consideration. Within the last several years a signif-

icant quantity of toasted defatted soy flour has

gone into the production of the CSM-blended food

product (10) .

In spite of improvement over the years, flavor is

a significant deterrent to the fuller utilization of

soy flours. Improvements based upon empiricism are

resulting in diminishing returns. There is a need for

basic knowledge concerning the flavor bodies and
flavor precursors of the soybean. Such knowledge

may provide the key to a low-cost process for pro-

ducing a truly bland product that can fit into the

flavor pattern of a variety of accepted food items.

Within the past 10 years, two new types of

food-grade soy protein products have entered the

commercial market. These are the soy protein con-

centrates and isolates (16) .

The concentrates are produced from defatted

soybean source material by three basic processes

which difi^er as to the means employed to immobilize

the major protein fraction during extraction of oli-

gosaccharides, mineral matter, and other constitu-

ents (fig. 2).

SOY PROTEIN CONCENTRATE PROCESSING

Defatted Soybean Flakes or Flour

pH 4.6

Water Leaching

Aqueous Alcohol

Leaching

Moist Heat

Denaturation

Water Leaching

SOY PROTEIN CONCENTRATE

In one process the lower molecular weight material is

extracted with water acidified to about a pH of 4.5 to

immobilize the major globulin fraction' (4, 6, 7. 18,

26) . This process results in a greater loss of nitrogen

since the "whey" proteins are soluble in water at pH
4.5. Because of the acidic nature of the resulting

product, the leached material is often neutralized

with food-grade alkali before drying. In another

process the sugar fraction is separated by leaching

with 60 to 80 percent aqueous alcohol' {7, 20, 22) . In

' Long, J. E. A bland protein from soybeans. Presented at the

47th Annual Meeting, AACC, St. Louis, Mo., May 20-24, 1962.
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the third process, the defatted soybean material is

denatured through moist-heat treatment before

extraction with water (15), In each of the three proc-

esses, the leach liquors that contains the sugars, suc-

rose, stachyose, rafRnose, and some verbascose (i^J

may be concentrated by evaporative means to a syr-

up of molasseslike consistency and color. This prod-

uct can be used in animal feeds. The yield of dry

concentrate is about 60 to 70 percent of defatted

flake weight.

Table 2.—Composition of soy protein concentrates

Composition Soy protein concentrates
A

Moisture, percent 6.7 5.2 3.1

Protein (NX 6.25), percent 66.2 67.3 69.6

Protein, mfb., percent 70.9 71.1 72.2

Fat (petr. ether), percent 0.3 0.3 1.2

Crude fiber, percent 3.5 3.4 4.4

Ash, percent 5.6 4.8 3.7

Nitrogen solubility index, percent 5 69 3

pH(l:10aq. disp.) 6.9 6.6 6.9

The gross compositional characteristics of the

concentrates have been reported previously (table 2)

(16). Products from the three processes have protein

contents above 70 percent. The concentrates prepared

by aqueous alcohol and water washing have low pro-

tein solubility because of denaturation, by solvent in

the first instance and moist heat in the second. In

contrast, the product resulting from acid washing

has greater protein solubility if it is neutralized

before drying. The polysaccharide components of

the concentrates include arabinogalactan, acidic po-

lysaccharides, possibly arabinan, and some galacto-

mannan, xylan hemicellulose, and cellulose derived

from the hull (2).

The concentrates have improved flavor charac-

teristics as compared to commercially available soy

flours. They are reasonably bland and vary in color

from cream to light tan. One study indicates that

the alcohol-extracted product has better flavor char-

acteristics than does an acid-washed product (12).

The current food uses (see below) of the con-

centrates are not as diverse as those of the flour and

grits products. In addition these newer food uses

include cake mixes and specialty breads. Nutritional

contribution is important in breakfast cereals, die-

tary wafers, and specialty bread. On the other hand,

functional characteristics, such as moisture absorp-

tion, juice holding, and fat binding, are of signifi-

cance in other foods. Comminuted meat products

are a major outlet for the concentrates, either in

form of flour or grits.

Comminuted meat products

Sausage

Luncheon loaves

, Patties

Chile con carne

Breading

Breakfast cereal

Dietary wafers

Since their commercial introduction in 1959, the

isolates have received much attention {16). This at-

tention, in part, has been the result of the recogni-

tion of their compositional and functional charac-

teristics which are of value in a wide variety of

food systems, high protein content and ready dis-

persibility not being the least of these.

The basic elements of soy protein isolation are

quite simple as shown in figure 3. The principles of

processing are well documented {8, 16); however,

there exists little published information on the spe-

cifics of design, equipment and operation of proc-

essing plants since large-scale commercial know-how

is limited to a few industrial organizations.
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Figure 3.—Soy protein isolation.

Defatted flakes, produced with minimal heat

treatment from cleaned, dehulled field-run beans,

are extracted with an aqueous medium which may
vary in pH from near neutrality to an alkaline pH.

Process variables such as particle size, liquid-

solids ratio, pH, time and temperature are selected to

obtain optimally economic yields. After separation

of the fibrous residue, the protein liquor is acidified

to about pH 4.5 to precipitate the major globulin

fraction. The resulting curd is then concentrated,
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washed with water, and separated as a slurry. The
major part of the edible protein produced commer-
cially in this country is sold in the neutral or sodium

proteinate form since this product is water-disper-

sible, and hence lends itself to ready incorporation

in wet food systems. Various literature references

indicate that protein yields in range of 30 to 40 per-

cent of defatted flake weight can be obtained (S, 16).

Sound process design requires sanitary construction

in stainless steel with manual and automatic clean-

in-place systems. Attention must be given to sanitary

process control to prevent microbial growth and con-

tamination.

Isolated soy protein is customarily merchan-
dized as a spray-dried cream-white product having a

low flavor intensity as compared with other soy pro-

tein products. The flavor of isolated soy protein has

often been described as cooked cereal-like with cer-

tain off notes. The proximate analyses of several

commercial isolates are given in table 3. All have

high protein and low fiber contents. Two of the iso-

lates, C and D, are of the "iso-electric" or non-dis-

persible type.

Table 3.—Proximate analyses of commercial soy

protein isolates

Soy protein isolates

Composition A B c D

Moisture, percent 4.7 6.4 7.6 3.7

Protein (N X 6.25) percent 92.8 92.2 92.9 94.7

Protein, mfb., percent 97.4 98.7 100,0 98.4

Crude fiber, percent 0.2 0.1 0.1 0.2

Ash, percent 3.8 3.5 2.0 2.7

Nitrogen solubility index.

percent 85 95

pH(l:10 aq. disp.) 7.1 6.8 5.2 5.5

Many functional characteristics of value in

foods have been ascribed to isolated soy protein (16).

These include such properties as emulsifying, emul-

sion stabilizing, fat-and-water-binding, gelling,

thickening, texture forming and the like.

An examination of current domestic food uses

listed below reveals that isolated soy protein is em-
ployed, primarily, for these functional attributes.

However, nutritional value is not without consequ-
ence since this factor is considered in the manufac-
ture of certain protein foods. Recently, several

infant formulations containing isolated soy protein

supplemented with DL-methionine have been intro-

duced. The major area of utilization today is in

comminuted meat products wherein isolated soy pro-

tein is employed for its water absorption, juice hold-

- Meyer, E. W. Vegetable proteins and lipifis for dairy-type
foods. Presented at the 35th Annual Dairy Industry Confer-
ence, Ohio State University, Columbus, Ohio, Feb. 6-8, 1968.

ing, fat dispersing and fat emulsion stabilizing

characteristics (3, 25). Here it has a recognized place

in unifying a heterogeneous food system.

Comminuted meat products

Frankfurters

Bologna

Miscellaneous sausage

Luncheon loaves

Canned luncheon loaves

Poultry products

Dairy-type products

Coff'ee whiteners

Whipped toppings

Frozen desert

Beverage powder

Dried soup mixes

Infantformulations

Special dietary items

At present, there is much interest in isolated soy

protein for dairy-type products ~. Although a few,

such as liquid coffee whitener, liquid whip topping,

and an imitation milk, enjoy very limited distribu-

tion in selected geographical areas, there has been no

sizeable impact on this segment of the market.
However, much development work is in progress and
if certain problems are overcome, we may witness a

growing market. The most critical areas in the course

of these developments will be flavor and nutrition;

flavor alone in coffee whiteners and whip toppings,

and flavor and nutrition in imitation milks or other

dairy-like protein-rich foods.

Table 7.—Amino acid composition of soy protein

products (average values)

Essential amino acids, g./16g. N'

Defatted Soy protein Isolated soy

Composition soy flour concentrate protein

Lysine 6.2 6.2 6.0

Methionine 1.3 1.3 1.1

Cystine' L2 1.6 1.0

Tryptophan^ 1.4 1.4 1.3

Threonine 4.2 4,3 3.7

Isoleucine 4.6 4.9 4.8

Leucine 7.7 8.0 7.8

Phenylalanine 5.3 5.3 5.5

Valine 4.9 5.0 4.8

' Ion-exchange chromatography.
-Determined as cysteic acid— Schram, and others.

'Colorimetric method—Spies and Chambers.
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Much has been written about the nutritional

value of these soy protein products, thus my com-

ments on this topic will be rather brief. Typical es-

sential amino acid compositions of protein products

are shown in table 4. Obviously these do not give the

whole nutritional picture since over- and under-proc-

essing and removal or inactivation of growth inhibi-

tory substances play a vital role. It has been long rec-

ognized that the soy protein products are limiting in

the sulfur amino acids, methionine and cystine,

with the isolate having the least, a result of protein

fractionation. Rat feeding studies bear out the

fact that properly processed soy flour and soy prote-

in concentrate are nutritionally superior to the iso-

late (16, 27, 28). This is illustrated in tables 5 and 6.

Isolated soy protein is not the protein of choice in a

diet wherein it is the sole source of protein and diet

intake is restricted. However, through methionine

supplementation or in mixed protein diets, isolated

soy protein can make a significant contribution to

improved nutrition. For example, several studies on

the supplementation value of isolated soy protein in

bread indicated that this protein compared quite

favorably with nonfat dry milk (^, 13). Our own

studies on meat mixtures showed that addition of

isolated soy protein, up to a level of 25 percent in the

mixture, did not result in a reduction of nutritional

value. The nutritional supplementation value of soy

flours and soy protein concentrates in cereal grain

foods, particularly of wheat and corn, have been

described in a number of publications. Hence, there

is no need to belabor this point. /

In the domestic market, all soy protein products*

are gaining in acceptance as useful and economic
food ingredients in the manufacture of conven-

tional foods and in the design of new foods. More
food package labels are showing soy protein prod-

Table 5.—Soy protein concentrates—protein qual-

ity of rat feed studies: 10 percent protein

in diet. 4-week period

Concentrate Wgt. gain, G. PER Corrected PER'

Commercial concentrate:

A 98 2.43 2.29

B 92 2.29 2.16

C 106 2.50 2.36

Concentrate + 0.15 percent DL MET:
3.18A 131 3.00

B 131 3.05 2.88

C 133 3.24 3.06

ucts in their ingredient listing. We can expect this

trend to continue with increasing development effort.

I do not foresee that soy protein will displace our

traditional protein foods, but will increasingly sup- ^

plement them in our normal food pattern. D. L. Call

has recently summed up the case for the extension

of certain processed meat foods with soy proteins

(5) by emphasizing that this is not a threat to the red
^

meat industry, but may fill a market gap as the costs

of producing red meat inch upward. Much the same
can be said for milk protein foods.

The pricing of soy protein products has not

changed materially within the past several years.

The soy flours are now selling at about 7 to 8 cents per

pound, the concentrates at 18 to 24 cents per pound,

and the isolates at about 35 to 40 cents per pound.

The volume of soy flour and grits produced for

food, exclusive of pet foods and specialty animal

feeds, is estimated to be about 200 million pounds

per year. The soy concentrates are now selling at a

level of about 22 million pounds per year and the iso-

lates at about 15 million pounds per year. These esti-

mates are all higher than those I reported in 1966 (16).

In conclusion, I hope that the progress in the

domestic production and utilization of soy protein

products can provide some guidelines on the ap-

proaches that will be of value in increasing the food

use of oil-seed crops in the protein short areas of

the world.
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DEVELOPMENT AND MARKETING OF A SOY-PROTEIN BEVERAGE

by

W. C. Hammann
Monsanto Company

St. Louis, Mo.

(Presented by D. J. Massey)

The potential of oil seeds as protein sources for

improving the diets in the less developed counti ies

of the world has been recognized for a long time. It

is a privilege for me to represent my company in

this conference in which progress toward satisfy-

ing this potential is evident on so many fronts

—

government, technical, and industrial.

The contributions which industry can make to

the world food problem are, in my view, particularly

important. It is becoming increasingly clear that

malnutrition is a more deep-seated problem than

simple lack of food. As was so clearly pointed out

by Altschul' and Milner- at the recent AACC-AOCS
Cereal Conference, the basic problem is poverty, the

lack of a viable economy. It is toward a simultane-

ous solution of these two inseparable problems

—

malnutrition and poverty—that industry has a

unique role to play. In the short term, gifts of food

can prevent famine. They do little, however, to over-

come the more basic problem of poverty. For a long-

term solution, then, each country must create, with

or without aid, its own self-sustaining food indus-

try. Such an industry, since it will create not only the

food but the means to buy the food, can attack the

problem of poverty and the problem of malnutri-

tion.

In most of those countries that succeed in solv-

ing their food problem, the national food industry

will be comprised of many private businesses, each

of which has solved problems of developing accept-

able, economically realistic, and nutritious food

products. The product must be acceptable to the local

populace so that they will buy it of their own free

'Altschul, A. M. Low-cost protein foods: Fortified cereals and

new protein beverages. American Oil Chemists' Society-

American Association for Cereal Chemists Joint Meeting,

March31-AprU4, 1968.

'Milner, M. New or unconventional proteins for cereal food

supplementation. American Oil Chemists' Society-American

Association for Cereal Chemists Joint Meeting, March 31-

April 4, 1968.

will; economically realistic so that they can afford it

and the business can make a profit; and nutritive so

that the product contributes to the country's diet.

The effort to create such businesses cannot re-

place public-supported programs to combat malnu-
trition. It is a complementary effort which, if suc-

cessful, may eventually relieve governments and

public agencies of the need to subsidize the produc-

tion and distribution of nutritious foods.

How are these businesses created? Obviously

they must obey the classic principle in the marketing

of consumer goods that, in order to motivate the

voluntary expenditure of consumer purchasing

power, it is necessary to recognize a consumer need,

promise its fulfillment, and provide a product that

will keep the promise. The application of this princi-

ple in the consumer markets of less developed coun-

tries is complicated, however, because potential cus-

tomers do not have the discretionary income neces-

sary to increase their food purchasing. They must be

motivated to replace a product of present use with

the new product on the basis of tangible recognition

of added value. In addition, the product must gener-

ate profit for the local merchant to justify the ap-

plication of his eflFort and investment in bringing it

to the consumer.

The problem to be solved involves technology,

including food technology, nutrition, chemistry,

plus engineering, consumer research, advertising and

all of the elements of marketing, and, of course,

overall managerial direction.

At Monsanto we have attempted to address this

problem by a systems approach utilizing a task

force of inter-dependent specialists who function

as a team rather than as individuals working solely

in their area of specialty. I would like to devote my
time this morning to describing for you the program

in which we have been engaged for some time. Its
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objectives: The translation of Vitasoy, a nutrient

soybean soft drink successfully sold in Hong Kong,

into an internationally acceptable product to be mar-

keted as a franchise beverage in various parts of

the world.

Let me review for you briefly the Vitasoy story

to point up the ingredients of its unique success. In

the late thirties, K. S. Lo' recognized the need for a

nourishing food priced to the ability of the masses

to pay. Their diet consisted of rice supplement with

a few vegatables. Beriberi, pellagra, and evidences

of protein malnutrition were rampant. Milk, not to

speak of meat, was too expensive to be a solution.

Mr. Lo, however, remembered an aphorism from an

American nutritionist that "Soy is the cow of

China." Soybeans were available in unlimited quanti-

ties, very cheap, and rich in protein. He, therefore,

went into the soybean milk business in 1940. His

business was patterned after the dairy industry

with a non-sterilized product packaged in dairy bot-

tles and delivered to the home by bicycle. In his ea-

gerness to provide the soy milk at a price within the

reach of the masses, however, he set the price too

low to afford advertising or to permit an efficient dis-

tribution system. The business was on the point of

failure when the Japanese occupation interrupted it

in 1941.

After the war, he profited from his hard-won

lesson. First he modeled his business after the soft

drink industry, distributing his product through

soft drink outlets and pricing it the same as the local

soft drinks. This gave him a broader and cheaper

distribution which, almost automatically, increased

sales over the prewar figure from 20 up to 500 cases

per day, and it also gave him a profit to permit adver-

tising and commission to salesmen. Next, he put his

product into soft drink bottles, introduced steriliza-

tion and built a modern soft drink marketing sys-

tem. These steps greatly simplified distribution and
storage and increased sales by tenfold. Finally, he

developed an effective advertising campaign. His

soft drink image told the customer that Vitasoy was
good, and his advertising words and pictures told the

customer it was good for him—"Vitasoy will make
you grow taller, stronger, and prettier." By these

techniques Mr. Lo, in the face of sophisticated

competition, now has a 24 percent share of the soft

drink market in Hong Kong. He has proved that a

business marketing a high-protein food can succeed.

His product is acceptable to the consumer, it is nutri-

tious, and the price returns a profit— a profit that

pays for the modern packaging, distribution, and
advertising and sales promotion which move the

product to the people who need it most.

It is unlikely that many of the consumers of

Vitasoy understand the need for protein. They buy
the product because they like its taste and because

of its extra value. In short—because it's good and
good for you, too.

Our challenge has been to take this concept

—

pleasure plus nutrition—and create a modified Vita-

soy, one which can carry this concept around the

world.

To meet this challenge, our task force under-

took a number of simultaneous assignments:

1. For the consumer research specialists: Define

characteristics that are required to motivate

consumer purchase—the attributes of color,

taste, body, mouth feel, texture that will

enable people to look at our product and recog-

nize that it is "good for you."

2. For the Advertising and Marketing staff: De-

fine the message that will promise benefit to

the consumer in a short, hard impact language

that must be used to market such a product, a

message that will tell him what the product

does rather than what it is.

3. For the technologists: Develop a product and
process that will deliver the promises to the

consumer.

Our advertising staflP decided our best approach

was to respond explicitly to the reasons why people

buy soft drinks—good taste and refreshment— but

to imply that it was nutritious and good for the cus-

tomer. Thus, our product had to be instantly recog-

nizable as nutritious. We chose, therefore, a yellow

color similar to that of egg yolk, a symbol of nutri-

tion around the world.

Taste was a more difficult problem. While in

Hong Kong, the soy taste is well liked and accepted,

our consumer tests showed this was far from true

in other parts of the world. We wanted the taste to

be light and fresh, with no hint of the soy base of

the drink, and, most important, to be non-generic so

that it could be established as a unique soft drink

rather than be categorized as a fruit drink, a milk

drink, a food product. This is the reason why we re-

jected a chocolate flavor, which is highly associated

with a food supplement, even though that flavor is

well accepted everywhere. The taste was then deve-

loped through interaction of our consumer research

staff and flavor technologists. A cycle of flavor deve-

' Lo, K. S. Development and marketing of soybean products for

developing countries. Bangalore Conference, Mysore, India,

November 1967.
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lopment followed by consumer acceptance tests re-

peated until the flavor that best meet the characteris-

tics needed by the marketing people was achieved.

Such a pattern was followed for other charac-

teristics of the product which finally emerged from

the team effort.

Each member of the team had special problems

to solve, but he solved these in the context of the

overall effort.

Our technical staff, for example, solved prob-

lems in taste, beverage stability, nutrition, and proc-

ess development. Developing a satisfactory taste

required first of all, careful control of the process

for the soy base of our beverage to eliminate vola-

tile fat oxidation products and prevent formation

of bitter notes due to protein degradation. More
important, it required development of flavor agents,

to mask the bland but still apparent soy taste and the

creation of a flavor compatible with the masking
agents and stable to processing conditions. This work

was done in conjunction with an in-house flavor prod-

uct group.

While development of the color was relatively

straightforward, another aspect of the appearance

—the desire for a creamy, homogenous look—was a

more difficult problem. Obtaining a stable suspension

with any soluble material—nonfat milk solids or

cocoa, for example— is a problem; soy is no excep-

tion. While much of the protein is soluble, all of the

fat and much of the carbohydrate and fiber are not.

We found that a complex group of emulsifiers and

stabilizers plus careful control of process condi-

tions were required to stabilize this diverse group of

insolubles. Vitasoy does not have this problem since

the more difficult suspendable insolubles, including

some of the expensive protein, are removed by fil-

tration.

Having achieved what appeared to be a satis-

factory product, we were then in a position to mea-

sure its nutritional characteristics. With our goal of

supplying a consumer acceptable product of greater

value than he was now buying and knowing this audi-

ence's concern and interest in these characteristics,

these data are obviously important.

The specific data on a serving of this soft drink

are given below are given in table in next column:

NUTRITIONAL ASSAY/SERVING OF 6-'/2

OUNCES

Protein (Soy) 3.8 g.

PE5 2.0g.

CHO 14.8 g.

FAT 2.2 g.

Energy Content 94 calories

Vitamins

A y, MDR
B' k3 MDR
B^ ^ MDR
B^ ^3 MDR
B'^ ksMDR
Niacinamide Vi MDR

It is significant to reiterate that these character-

istics will not be explicitly conveyed to the consumer

but rather our product promise message will convey

to him these implicit characteristics.

Developing a process suitable for an interna-

tional business was an essential part of our pro-

gram. Vitasoy is made by a wet process in which the

soybeans are soaked, ground wet, and filtered. The
filtrate is mixed with sugar, vitamins, and other addi-

tives, and then homogenized, bottled, and sterilized.

This total operation is more complex than those gen-

erally carried out by franchised bottlers. We decid-

ed, instead, to supply the bottler with a concentrate

which he would mix with sugar and water, homogen-

ize, bottle, and sterilize. The concentrate, since it was

nutritious, had to be dry for long term storage to

avoid bacteria growth. The ingredients had to be cho-

sen for compatability and for resistance to change

during storage. Equally important, we found that in

preparation of the soy base, the proper control of

anti-trypsin factor destruction, particle size, protein

denaturation, and volatile flavor removal are critical

for beverage stability and nutritive value.

Likewise, in conversion of the concentrate to

the beverage by a bottler, control of such processing

variables as homogenization pressure and steriliza-

tion time are important to product quality.

Since an ultimate goal would be to build success-

ful franchises owned by private businessmen, one

of our primary concerns has been to make sure that

a franchise, as well as ourselves, could make a
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profit. This concern has guided our use of a dry

beverage concentrate, our selection of ingredients

for the concentrate, and our streamlining of the

Vitasoy process to reduce loss of raw material and

decrease capital investment. While different in detail

from that of a carbonated beverage plant, our proc-

ess would require no more capital and be no more
costly to operate. A franchisee should be able to

compete as effectively in his market areas as K. S. Lo

does in Hong Kong.

Critical to a commercial activity is measurement

of probable customer acceptance. In consumer prod-

ucts this is approached by professional techniques

of consumer and market research.

Recently, in two different cities in two different

countries, the consumer acceptance test was carried

out in accordance with an Evaluation Plan. This Ev-

aluation Plan is a unique creation of our marketing

group. It is composed of about 14 distinct steps, each

step resulting in a go/no go decision to proceed or not

to the next step. The idea obviously is to assure by

progressive evaluation the viability of a total mer-
chandising effort and to minimize financial risk. The
consumer acceptance test, the sixth step of our ev-

aluation plan, is one of the most critical since in or-

der to correctly pursue a profit objective, the basic

acceptance of the product must be established.

Results of these tests have validated our hy-

potheses.

CONSUMER RESPONSE

City 1—61 percent of respondents liked the

product. 85 percent of those confirmed

it by taking more samples in place of

money.

City 2—75 percent liked the product. 77 percent

said they would buy.

In the two cities, 90 percent displayed value rec-

ognition regardless of like or dislike.

As shown above, in City I, 61 percent of the res-

pondents liked the product, and of these, 85 percent

confirmed this like by taking more samples instead

of money. In City II, 75 percent liked the product

and 77 percent said they would buy.

Regardless of like or dislike response, value

recognition was in the 90 percent range. Value recog-

nition is that our product was viewed as having food

characteristics.

Our tests included measuring the consumer's

impression of our product's positioning in his daily

food habits. These results are shown below:

OCCASIONS FOR DRINKING

^

I

City 1 City 2

Pet. Pet.

12 10

10 8

24 47

8 25

6 3

13 11

7 2

29 20

109 126

At breakfast

In the morning

At lunchtime

At midday
At supper

In the evening

At night

Other occasions

Total

Lunch time and other unspecified occasions were

the most frequently mentioned times of probable

consumption of our product. Midday and supper are

the only two times that did not receive many men-
tions. Thus it would appear that our product is envi-

sioned as both a soft drink and a supplement to light

meals.

This is the indication of a successful system

approach by our task force in the design and deve-

lopment of a new protein food. It resulted from a

continuing communication and interaction between

varied disciplines linked to understand the subjective

language of the consumer while translating this into

objective specifications in the laboratory.
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FDA REQUIREMENTS FORNEW PROTEIN ADDITIVES

by

L. M. Beacham
Food and Drug Administration

U. S. Department of Health, Education, and Welfare

Washington, D. C.

As science and technology continue to progress

along the lines so ably and so interestingly explained

by the other participants at this Joint Conference, it

seems quite reasonable to expect that a considerable

number of new protein products will soon be availa-

ble for food use. Many of these will come from
the oil seeds which are the primary concern of this

group, but others will no doubt be derived from dif-

ferent sources such as marine products, petroleum,

or even others which call for more imagination.

Most of the new proteins will come within the defi-

nition of food additives as Congress defined that

term in 1958 when it legislated to provide for the use

in food of substances about which some question

of safety might exist, because of their newness, or

because of unfamiliarity with the proposed new
use. For those who do not recall this definition, let me
quote it as it appears in Sec. 201(s) of the Federal

Food, Drug, and Cosmetic Act: "The term 'food addi-

tive' means any substance the intended use of which

results or may reasonably be expected to result, di-

rectly or indirectly, in its becoming a component or

otherwise affecting the characteristics of any food

(including any substance intended for use in produc-

ing, manufacturing, packing, processing, preparing,

treating, packaging, transporting, or holding food;

and including any source of radiation intended for

any such use), if such substance is not generally rec-

ognized, among experts qualified by scientific train-

ing and experience to evaluate its safety, as having

been adequately shown through scientific procedures

or experience based on common use in feed) to be

safe under the conditions of its intended use."

From this definition we must conclude that new
proteins synthesized or derived from unusual

sources will come within its scope since they cannot

be generally recognized as safe because there will be

no human experience based on common use in food,

and there will have been no previous showing of

safety supported by scientific procedures.

Assuming then, if you will, that most new pro-

teins will be considered food additives, let me ex-

plain the significance of this classification and the

responsibilities that it imposes upon anyone who
wishes to introduce any of them for food use. The
definition above was incorporated in an amendment
to the FDC Act, known as the Food Additives

Amendment. The purpose of this Amendment is to

protect the consumer against unsafe chemical addi-

tives in his food, and at the same time allow him to

benefit from advances in food technology. To ac-

complish this the Amendment provides for testing

and obtaining formal clearance for any food addi-

tive before it may be used. The responsibility for

doing this is placed upon the industry or the indi-

vidual promoting its use.

This constitutes a fundamental shift in the

burden of proof and a marked departure from our

traditional previous procedure for dealing with

food additives. And, of course, we have had new
food additives over the years, even though they may
not have been called that. Whereas previously we had

to demonstrate that a substance was poisonous or

deleterious after it had been used in food—and
after consumers may possibly have been harmed to

some extent—now the industry wishing to use or

promote use of the substance must demonstrate
conclusively its safety beforehand. Any use of a

food additive that has not been properly cleared for

its intended use is illegal.

How does one obtain clearance—which takes the

form of an authorizing regulation—for a food

additive? The Amendment itself prescribes in gener-

al terms the procedure to be followed. The interest-

ed party must submit a petition to FDA furnishing

information, the nature and form of which are

specified by regulations. These are further explained

in a document entitled "Guidelines for Chemistry
and Technology Requirements of Food Additive Pe-

titions," which we prepared in August 1966. Corre-

sponding guidelines relating to requirements for

toxicity studies are in preparation. The required
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information should establish the identity and com-

position of the protein, including a suitable name. It

should describe the manufacturing process em-

ployed, raw materials and other ingredients used,

and the detailed physical, chemical, organoleptic, and

biological properties of the article. Proof should be

furnished that production controls will assure that

the manufacturing operation consistently yields a

product meeting approved specifications. A full ex-

planation should be given of the proposed use to-

gether with an estimate of the average as well as the

maximum quantity that may be expected in indi-

vidual foods or types of foods, and what this may
amount to in the total daily diet of a consumer. Pro-

posed labelling should be presented.

" Data should be submitted on the intended effect

of the new protein additive, and, of course, nutri-

tional data covering such aspects as Protein Effi-

ciency Ratio, comparison in feeding studies with

other known proteins, optimum levels of use, and
caloric values. I shall return to this for a more de-

tailed discussion later.

If for any reason a tolerance is required limit-

ing the amount of the additive that may be present

in a food in order to protect the consumer from the

effect of it or its conversion products, a practicable

analytical method will need to be furnished to en-

force the tolerance. The method must give consist-

ent and reliable results in the hands of any properly

trained and equipped analyst.

If the protein is elaborated from a microbial

source, the producing organism should be identified

and characterized. Its nonpathogenic status should

be substantiated, along with evidence that the pure

culture, free of contaminants or harmful mu-
tants, can be maintained and that the finished prod-

uct is free of viable pathogenic bacteria, and is not

unwholesome because of contamination with any
other type of microorganisms. Possible occurrence

of mycotoxins and other potentially harmful bac-

terial metabolites such as antibiotics must be espe-

cially guarded against.

Finally, regardless of source, there must be

assurance that the protein itself has no toxicity.

Toxicological requirements could range all the way
from a simple Protein Efficiency Ratio to extensive

chronic work in two species plus reproductive stud-

ies.

The necessity for any or all of these studies

must depend on type and source of protein, past

experience, and toxicological knowledge of source,

type, and extent of processing, kinds of processing

adjuvents and residues thereof. Also alterations in

the protein itself that might result from such proc-

essing must be considered.

The above comments have dealt somewhat in the

abstract with the protein itself. Practical considera-

tions remind us that in many instances questions

may arise as to possible solvent residues remaining
in the protein product, and also pesticides or their

metabolites that may conceivably carry over from
original raw materials to the finished protein. In

fact we may encounter such old-fashioned contam-

inants as lead and other heavy metals, or perhaps

fluorides. In such instances these too have to be dealt

with, on an ad hoc basis, as food additives.

Turning aside now from the food additive as-

pect and considering other FDA requirements, I

should point out that one of the keystone provisions

of the Food, Drug, and Cosmetic Act condemns a

food as adulterated "if it consists in whole or in

part of any filthy, putrid, or decomposed substance .

. . or if it has been prepared, packed, or held under

unsanitary conditions whereby it may have become
contaminated with filth ... or if it is, in whole or in

part, the product of a diseased animal or of an

animal which has died otherwise than by slaughter."

This would have an important bearing upon the kind

of raw material from which the protein was pro-

duced. In the case of the oil seeds with which you are

most concerned it would cause no difficulty as long as

only clean, sound seeds were used and handled under

sanitary conditions. However, if we imagine more
exotic sources of raw materials as, for example

—

just to pull a long bow—some by-products of a se-

wage or garbage disposal system, then the conflict

with the language quoted would be drastic. It was a

similar conflict that caused FDA for a time to with-

hold approval of fish protein concentrate prepared

from whole uncleaned fish. This was resolved by a

finding on the part of a special advisory committee

appointed by the National Academy of Sciences that

the product as prepared in the process under consid-

eration was sound and wholesome. The issue could

readily rise again if the circumstances of raw ma-

terial and processing operations were significantly

different. We have no desire to place any obstacles

whatever in the way of technological progress, and

we are aware, as are all informed persons, of the

need for ever-increasing food supplies, and espe-

cially proteins. We recall that President Johnson

himself said in his 1967 State of the Union mes-

sage:

"Next to the pursuit of peace, the really great-

est challenge to the human family is the race

between food supply and population increase."

Earlier he had directed his Science Advisory
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Committee to seek new ways to develop inexpensive,

high-quality synthetic dietary substances, to improve

quality and nutritional content of food crops and to

apply all technological resources to increase food

production. Clearly we must and we should assist in

attaining those goals, but at the same time we cannot

disregard our knowledge that the Act which it is our

responsibility to enforce was written with the inten-

tion, expressed in explicit terms, to protect the aes-

thetic sensibilities of the consumer as well as his

health and his pocketbook. For well-nigh three gener-

ations the courts have consistently upheld our view

that in addition to protection of his health the con-

sumer has a right to protection against practices viol-

ating hygienic decency— practices that are offenses

only to his aesthetic sense and that "filth is filth

whether it is cooked or raw, safe or harmful, visi-

ble or invisible to the unaided eye." Admittedly as the

process of production becomes more sophisticated

and the relationship between the finished product

and the original raw material becomes more atten-

uated, it may not always be easy to determine what

action is justified or required on our part in order to

maintain this protection. On this particular phase of

the subject, we have as yet few if any court deci-

sions to guide us.

Next in our elucidation of FDA requirements

for new proteins we turn to labelling. The basic

principle is that a food shall be designated by its

common or usual name, if any there be. And there's

the rub, for most protein foods, if truly new, do

not have a common or usual name. In such instances

recourse has been had to fanciful coined names

such as "Bontree," applied by General Mills to its

spun soy protein product, or to quite general descrip-

tive terms such as "Textured Vegetable Protein Prod-

uct." Unfortunately, the first is not informative

without further description—at least initially—and

the latter is not specific for any particular product.

As new food products of this type are developed,

names for them must be adopted, with the caveat

that such name must not already be the name of

another food, and it must not be misleading in any

particular. Such a name, when appropriate, will be

the designation under which the product may be sold

as such, or by which it will be listed as an ingredient

of other foods. Gradually, no doubt, such designa-

tions will become more meaningful to the general

public, just as has the name and the product, pizza,

which before World War II was virtually unknown

to most of us.

Let us assume now that a particular new protein

has gained clearance as a food additive, it has been

shown to be quite safe, and suitable nomenclature

has been devised. It is to be used in a food having

special dietary properties because of the enhanced

nutritive contribution made by the new protein, or it

is, to be an imitation or substitute for an existing

food. What are the guidelines for evaluating it

under such circumstances? In the first instance, it

must be shown that there is an actual improvement

in the protein value of the finished food. This im-

provement is based on two factors: (1) The total

amount of protein (usually measured as N x 6.25)

and the relationship which it bears to daily nutrition-

al requirements; (2) the quality of the protein as

measured by its ability to provide a full complement

of essential amino acids in the right proportions. If

it is a completely new food, promoted for its prote-

in content, it should provide a significant proportion

of the daily dietary allowance for protein. In a

mixed diet this should be at least one third of the

allowance. As you will recall, the Recommended Die-

tary Allowance of the Food and Nutrition Board of

the NAS-NRC is 1 gram of protein intake per kilo-

gram of body weight, or 70 grams for the average

man. In the second instance, that is, an imitation or

substitution, the food containing added proteins

should provide, in a reasonable daily intake, at least

the amount of protein as in the food it imitates.

The protein quality of the finished food con-

taining a protein additive can be compared either to

the food it simulates or to a reference casein. In

either case it should have equally as good Protein

Efficiency Ratio. In classifying a food as a potential

source of protein, one method of calculation is to

multiply the amount of protein (N x 6.25) in grams

in the suggested daily intake by the protein quality

value determined by the AOAC method (39.133) for

the biological evaluation of protein quality. If the

result, so calculated, is not less than 800, the food is

considered a good source of protein; if it is 1,600 or

more, it is an excellent source.

New labelling requirements for foods specifi-

cally represented for their protein value are being

developed at the present time, but are not at a point

where any meaningful discussion of them can be

given.

In conclusion, let me mention briefly the situa-

tion where a new protein additive would be proposed

for use in a standardized food. By the latter I mean

a food for which a definition and standard of

identity has been established by FDA. Authority for

establishing such definitions and standards is con-

tained in Section 401 of the Act. The underlying

requirement is that they must be reasonable and

must promote honesty and fair dealing in the inter-

est of the consumer. Identity standards have been
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established for almost 400 individual foods, defin-

ing the food and specifying the ingredients that

may or must, as the case may be, enter into its com-

position. Often maximum or minimum limits for

standards to identity which may have to be amended

before such use will be permissible; but, if the

facts warrant and support it, it can be done.

If I have given you a somewhat formidable

picture of the technological and administrative pro-

cedures that FDA requires in clearing the safety

and authorizing the use of new proteins or other

foods as they are developed, please bear in mind
that we are steering the tortuous and often perplex-

ing course between the Scylla of allowing in food a

substance which may later—much later— be found

to have done irretrievable harm, and the Charybdis

of denying or delaying a substantial contribution to

the food supply of a world whose cupboard in all

too many instances is already bare.

(
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UNITED NATIONS' SPONSORSHIP OF ACTIVITIES
FOR INCREASING WORLD PROTEIN SUPPLY

by

B. Barg

Advisory Service and Development Section

Office of the Director for Science and Technology

United Nations, New York, N. Y.

By the way of introduction, it may be useful to

trace the history of the involvement of the United

Nations in its sponsorship of activities to increase

world protein supplies. This involvement stems

from the deliberations of the Advisory Committee

on the Application of Science and Technology to

Development. In 1963, under the United Nations'

auspices, a conference on the application of science

and technology for the benefit of the less developed

areas took place in Geneva. After that conference,

the Economic and Social Council of the United Na-

tions established the Advisory Committee on the

Application of Science and Technology to Develop-

ment. This Advisory Committee, comprising 18 dis-

tinguished scientists appointed in their individual

capacities, drawn from a wide variety of discip-

lines, and coming from countries at various stages

of development, spent some time in a board exami-

nation of the prerequisites for, and obstacles to,

the application of science and technology for the

benefit of the developing countries.

The Advisory Committee at its 6th Session consi-

dered a working paper prepared by its consultant.

Prof. Nevin Scrimshaw, and requested its Secretari-

at to convene an ad hoc Panel of Experts to elabo-

rate a report on the protein problem for further

consideration by the Committee. This ad hoc expert

panel—comprising Dr. Bhatia (India), Dr. Cuthbert-

son (UK) and Dr. Pokrovsky (USSR)—met in two

sessions and received very close assistance and col-

laboration from the relevant organizations in the

UN family, which had assigned staff specialists for

this purpose, and from ad hoc consultants who were

able to provide additional competence and perspec-

tives for consideration by the panel.

At its 7th Session, the Advisory Committee

closely examined the report of its ad hoc Panel of

Experts on Protein and prepared its own concise re-

port, which was based very closely on that of the

Panel. The report of the Advisory Committee, which

was adopted unanimously, was entitled "Feeding the

Expanding World Population: International Action

to Avert the Impending Protein Crisis" (Document
No. E/4343/Rev. 1).

In short, this report recommended seven policy

directions for closing the protein gap, from both

conventional sources as well as new sources. Based
on these general policies, 14 specific proposals were

made together with recommendations covering the

UN family and activities outside the UN family.

Specific proposal No. 5 is of particular interest to

this conference— it calls for an expansion of the

use of oilseed meals as direct sources of protein in

human diets. The report stated that "Indeed, no other

single source of unconventional protein could con-

tribute so greatly and promptly towards closing the

protein gap."

This report, which has now become one of the

"best-sellers" of UN publications, was transmitted

for consideration at the 43rd Session of the Eco-

nomic and Social Council (ECOSOC) in July/August

1967. ECOSOC unanimously adopted its Resolution

1257 (XLIII) entitled "Increasing the Production and

Use of Edible Protein."

The Advisory Committee's report was then con-

sidered by the General Assembly at its 22nd Session,

during November/December 1967. This led to the

unanimous adoption by the Assembly of its Resolu-

tion 2319 (XXII), some of the key paragraphs of

which read as follows:

RESOLUTION ADOPTED BY THE GENERAL
ASSEMBLY

[on the report of the Second Committee (A/6977)]

2319 (XXII). Increasing the production and use

ofedible protein The General Assembly,

Noting Economic and Social Council resolutions

1257 (XLIII) of 2 August 1967 on increasing the pro-

duction and use of edible protein,
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Convinced that the majority of mankind, espe-

cially in the developing countries, is faced with an

impending protein crisis imperilling the physical and

mental development of children and adversely af-

fecting the health and productivity of adults,

Believing that it is essential that the organiza-

tions in the United Nations system urgently take co-

ordinated action aimed at closing the present gap

between the world's protein needs and protein sup-

plies and at preventing an even more widespread pro-

tein deficiency in future generations.

Calling for closer cooperation between

Governments, industry, agriculture, universi-

ties, scientific and technological institutes and

other interested organizations, in both indus-

trialized and developing countries, in order to

provide a significant impetus to the efforts to

improve the protein nutrition of mankind,

Believing that national development plan-

ning in the Member countries should include,

where necessary, the most effective formula-

tion, coordination and implementation of pro-

grammes to assure an adequate supply and

human consumption of protein foods.

Expressing its deep appreciation to the

Advisory Committee on the Application of Sci-

ence and Technology to Development for its

excellent report entitled "Feeding the expand-

ing world population: Recommendations for

international action to avert the impending pro-

tein crisis,"'

Welcoming the intention of the Food and

Agriculture Organization of the United Na-

tions, the World Health Organization and the

United Nations Children's Fund to enlarge the

scope and functions of the Protein Advisory

Group- and their participation in it,

1. Endorses Economic and Social Council

resolution 1257 (XLIII);

2. Welcomes the policy objectives and the

technical aspects of the proposals contained in

the report of the Advisory Committee on the

Application of Science and Technology to

Development;'

3. Requests Governments to communicate

to the Secretary-General, by 1 July 1968, their

comments and suggestions on the report;

4. Further requests Governments to in-

form the Secretary-General by 1 July 1968 of

present and proposed activities at the national

level on the part of Government, industry, ag-

riculture, universities, scientific and technologi-

cal institutes and other interested organizations

related to improving and increasing the produc-

tion and human consumption of protein;

5. Calls for concerted and well coordinated

action by the organizations in the United Na-
tions system to combat protein malnutrition

and for closer links between institutions con-

cerned in the development and developing coun-

tries in order to avoid duplication of effort and
to achieve the maximum exchange of technolo-

gy';

6. Invites the Food and Agriculture Organi-

zation of the United Nations, the World Health

Organization, the United Nation Children's

Fund, and other relevant organizations to pay
particular attention to the Advisory Commit-
tee's report and to assist Governments formu-

late United Nations Development Programme
and United Nations Children's Fund projects

for increasing the supply and human consump-
tion of protein;

7. Expresses the hope that the services and

advice of the Protein Advisory Group will be

utilized to the fullest possible extent by the

organizations in the United Nations system to

assist and coordinate work of projects involv-

ing the supply and human consumption of pro-

tein;

8. Requests the Secretary-General, in con-

sultation with the organizations in the United

Nations system, including the regional econom-

ic commissions and the Economic and Social

Office in Beirut, to consider what action may be

appropriate at the regional level in dealing with

the impending protein crisis;

9. Requests the Secretary-General to sub-

mit a report, through the Economic and Social

Council, to the General Assembly at its twenty-

third session on the implementation of the

present resolution, including the activities re-

ported by Governments and the work under-

taken within the United Nations system, to-

gether with the comments of the Protein Advi-

sory Group and the Advisory Committee on the

Application of Science and Technology to

Development.

163rd plenary meeting,

15 December 1967.

Pursuant to this General Assembly Resolution,

Mr. de Seynes, Under-Secretary-General for Eco-

'Ey4343/

^Ibid., paras, 51-56.
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nomic and Social Affairs, sent a letter on behalf of

the Secretary-General to governments on 18 January

1968 drawing their attention, in particular, to opera-

tive paragraphs 3 and 4, which requests governments

to communicate to the Secretary-General by 1 July

1968 their comments, suggestions, and certain infor-

mation related to the Advisory Committee Report on

Protein. To guide governments in a preparation of

his report, which is required to be submitted to the

General Assembly at its 23rd Session later this year,

a questionnaire was attached to the Secretary-Gen-

eral's letter to which, inter alia, their responses

might be directed.

In the letter sent to governments, Mr. de Seynes

stated: "In view of the great and increasing urgency

of the protein crisis that already affects millions of

children and adults in the developing nations, it is

our hope that your Government will attach great

importance to meeting this request by the General

Assembly, and to sending its response by 1 July

1968."

We are aware that, for many governments, re-

sponding to the questionnaire may be a complex task.

It may be of interest to mention that the question-

naire is divided into three parts. Part A asks govern-

ments to provide information on present and pro-

posed activities in your country on the part of

government, industry, agriculture, universities, sci-

entific and technological institutes, and other inter-

ested organizations relating to improving and in-

creasing the production and human consumption of

protein. Present activities refer to those in calendar

year 1968 and proposed activities might cover those

in the next 5 years. If it is possible, it would be use-

ful to include an indication of the national priori-

ties attached to such activities, the anticipated gaps

between the level of these activities and your coun-

try's needs, and the funds involved for such activi-

ties as those in the 14 specific areas identified in the

Advisory Committee's report. Part B requests

governments to comment on the Advisory Commit-
tee's report and suggests that these comments, apart

from those directed to its technical recommenda-
tions, may cover institutional, organization and any

other aspects which governments consider impor-

tant. Part C invites governments to provide sugges-

tions relating to the implementation at the interna-

tional level of proposals in the Advisory Commit-
tee's report (Document E/4343), and in this connec-

tion, it may also be useful to refer to possible inter-

national efforts through the United Nations system

and other ways relating to each of the 14 areas

previously outlined.

The responsibility for preparing the Secretary-

General's report, based on the replies by govern-

ments, rests in the Office of the Director for Sci-

ence and Technology of the Department of Eco-

nomic and Social Affairs. This report will be prepared

during July and August 1968 and comments will be

provided thereon by the Advisory Committee and by

the World Health Organization/Food and Agricul-

ture Organization/United Nations Children's Fund
(WHO/FAO/UNICEF) Protein Advisory Group. The

report, together will all these comments, will then be

transmitted through the Economic and Social Coun-

cil for consideration in October-November 1968 by

the General Assembly.

We are hopeful that the response rate by

governments to this questionnaire will be higher

than is usual although we are aware that many ques-

tionnaires on a wide variety of subjects bombard
governments each year. From preliminary indica-

tions, it appears that most governments are not

treating the questionnarie on protein in a perfuncto-

ry and routine manner. Indeed, we have the impres-

sion that, in a number of cases, some of the ques-

tions posed to governments have had a certain cataly-

tic influence. In some instances, govenments have

been required to give consideration to matters which

previously received little thought, while in others, it

may be a matter of priority attached to a particular

set of activities that has to be articulated.

After this lengthy discussion of the sponsor-

ship by the United Nations as such, it would be ap-

propriate to emphasize that, within the UN family

of organizations, a number of agencies are involved

in a variety of aspects bearing on the protein prob-

lem. For many years, FAO, WHO, and UNICEF have

pioneered work in many areas and undertaken a wide

range of activities. The cooperation between them is

reflected in the modiis operandi of the

WHO/FAO/UNICEF Protein Advisory Group. Fur-

thermore, International Atomic Energy Agency

(IAEA), United Nations Industrial Development

Organization (UNIDO), and United Nations Educa-

tional, Scientific, and Cultural Organization

(UNESCO) have interests to bear upon certain as-

pects of the protein problem. The United Nations

Development Programme (UNDP) and the World
Bank group are supporting a number of projects

that directly or indirectly relate to increasing world

protein supplies.

Thus, within the context of the UN family,

there are a number of agencies undertaking activi-

ties related to protein supply. Great care is being tak-

en to ensure that the efforts of the UN Secretary-

General do not duplicate nor overlap with these activ-

ities. Rather, in line with the major thrust of the
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Advisory Committee,the Secretary-General is en-

deavoring to increase further the awareness of,

and concern about, the importance of the protein

problem, not only in the developing countries them-

selves but also in the developed countries. In follow-

ing up the recommendations of the Advisory Com-
mittee, one of our missions is to try to increase the

interest of the scientific community in both deve-

loped and developing countries and to mobilize action

and activities that will lead to making important

breakthroughs and result in both the allocation of

greater resources and their more effective utilization.

These increased resources would come from bilater-

al and multilateral sources and, above all, from na-

tional sources. In the view of the Advisory Commit-

tee, it is essential that there be greater visibility of

the protein problem and that increased momentum
should be developed to tackle more successfully the

priority recommendations outlined in its report. In

many countries, there is an appreciation and aware-

ness of the protein problem by professionals at the

technical level of government. A major part of our

activities at the UN is directed to elevating to the top

decision-making and policy levels of government the

recognition of the imperatives of the impending

protein crisis. This could lead to an increase in the

scale of recources devoted in many countries to the

protein problem. Furthermore, this would also, hope-

fully, result in a realization that there is a multi-

time dimension in the protein problem. Certain as-

pects must be given priority attention now, others

for the medium range, and still others for the long-

run.

A perusal of the Advisory Committee's report

reflects the concern not only with increasing the pro-

duction of protein in the developing countries but

also in moving on the consumption side as well. On
the production side, there appears to be a wide range

of R and D efforts designed to increase and improve

the availability of protein by calling more fully on

e.xisting knowledge as well as by developing new
knowledge. A systems analysis approach to the pro-

tein problem confronting the developing countries

suggests a number of points that may merit brief

mention.

For the most part, protein must be produced
with a view to its being ultimately consumed. This

point is reflected in the structure of this confer-

ence. While there are arguments that can be present-

ed to support R and D efforts on various aspects of

protein production for their own sake, scarce re-

sources are allocated more effectivelv from an eco-

nomic and managerial viewpoint when such efforts

are matched by a concern for the end-results of

such inputs. These end-results are increased con-

sumption of better quality and larger quantities of

protein in the diets of the target segments of the

populations, in particular, for pregnant and lactat-

ing women, and in pre-school children.

Taking the protein problem as a whole, one has

the impression that relatively less attention in the

past has been directed to determining the nature of

such consumption. This involves an intensive effort

to obtain more insight into, and understanding

about, the components and determinants of con-

sumption and dietary preferences, of taste pat-

terns, of the centrality of appropriate marketing,

distribution and pricing policies, and of the socio-

cultural and eco-anthropological factors that influ-

ence the consumption of various types of foods in

these target segments of the populations in the

developing countries.

Of course, such information is relevant to

various aspects of the world food problem as a

whole, but it does seem to be particularly pertinent in

mounting an enlarged attack on the more complex

and delicate qualitative side, where protein is such a

vital element. It is encouraging to note, that at gath-

erings such as this, there is a full recognition of the

need to move on a broad front on both sides of the

equation of the protein problem, for it is in this

way undoubtedly that beneficial progress can be

made. Indeed, the way in which this conference has

managed to draw together such a wide range of in-

terests, competence, and concern, serves as a model

that could be constructively emulated elsewhere.

Such conferences stimulate further national and

international efforts directed to various aspects of

the protein problem. The development of new and

improved varieties of staple cereals provides encour-

aging expectations of higher yields and protein

availabilities, but it also underlines the need to em-

phasize the centrality of the efforts on the national

level by governments of developing countries to uti-

lize and adapt new discoveries and technology" and to

mobilize their own resources to remove the spectre

of protein malnutrition.

In conclusion, it is noteworthy that, with the in-

creasing concern and efl'orts being geared to various

aspects of the protein problem, the foreboders of

doom are being slowly replaced by those who can

cautiously demonstrate the promise that science and

technology- can bring to bear for the benefit of man.

112



PANEL DISCUSSION: "FUNCTIONAL AND NUTRITIONAL ASPECTS OF OILSEED PROTEIN PRODUCTS
IN FOODS." G. A. Goldsmith, School of Public Health and Tropical Medicine, Tulane

University, New Orleans, La., Moderator

CONSIDERATIONS AFFECTING CEREAL-BASED FORMULATIONS

by

R. Bressani

Institute of Nutrition of Central America and Panama (INCAP)
Guatemala, C. A.

The nutritional qualities of three types of cer-

eal-based formulations as they apply to conditions

in Central America will be discussed. Cereal grains

contain a high concentration of starch which makes
them bulky, and even more so when they have been

cooked and retain large amounts of water. As a con-

sequence of the high concentration of starch, their

protein content on a dry weight basis is low. It is even

lower when consumed because of the retained water

during cooking. The protein in general has a low di-

gestibility, which contributes to the bulk, and its biol-

ogical value is low. This low biological value is caused

by amino acid dificiencies and to poor overall essen-

tial amino acid balance. The deficient amino acids are

lysine, tryptophan and threonine. Cereal-based

formulations should, therefore, take care of these

problems.

A large number of studies have been carried out

OATS RICE WHEAT COMMON CORN

90

80

o
T3 70

^ 60

O 50

^ 40

< 30 -

UJ
q:

20 -

o
O 10

-10 -

MILK

OATS
+ LYS
+ MET
+ THR

OATS

i

MILK

RICE
+ LYS
+ MET
+ THR

RICE
I

OPAQUE-2
CORN

MILK

WHEAT
+ LYS

WHEAT

MILK

CORN
+ LYS
+ TRY

CORN

MILK

0-2

0-2

MILK

1.5 2.0 1.5 3.0

INCAP SERIES AMINOACID

2.0 2.0 1.5 2.0

PROTEIN INTAKE 6MS/K6/DAY

SUPPLEMENTATION OF CEREAL PROTEINS

1.5 ao

Figure 1.—Nitrogen retention of children fed various cereal proteins with and without their limit ing

aminoacids.
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Table 1.—Nitrogen balance of dogs fed lime-treat-

ed corn enriched with skim milk and
torula yeast (Avg. 3 dogs)

NITROGEN

Supplement
Intake Absorbed Retained

Mg./Kg./day Pet. of intake Pet. of intake

None 729

Plus 5 percent skim milk 745

None 675

Plus 3 percent torula yeast 674

74.9

79.2

77.0

77.7

13.4

33.6

19.5

34.7

to correct the amino acid deficiencies and low protein

content of cereal grains through supplementation.

Figure 1 shows the response obtained when various

cereal grains are supplemented with their limiting

amino acids U, 6, 8,-l£). The black bar represents the

largest improvement obtained from the addition of

the amino acids shown. Oats respond to lysine, meth-

ionine and threonine, more at the lower than at the

higher level of protein intake. Rice, on the other

hand, shows a response to the same amino acids, but

at the higher level of protein intake. The response

of lysine to wheat is highly significant. With respect

to corn, a significant improvement is observed upon

addition of lysine and tryptophan. A negative N
balance is obtained even when unsupplemented corn

is fed at 2.0 g. of protein/kg. /day. On the other

hand, the quality of opaque-2 corn is quite high and

very close to milk.

The second approach of the correction of the

poor amino acid balance of cereal grains is by add-

ing small amounts of protein concentrates that sup-

ply the amino acids deficient in the cereal protein. An
example of this approach is shown in table 1 (5, 7).

In all cases there is a significant increase in quality,

as indicated by the higher nitrogen retention values

upon addition of milk or yeast to corn. At the same

time, the supplement contributes some protein, re-

sulting in foods with about 14 percent protein as

compared to about 9 percent in the cereal grain alone.

Protein concentrates reaching 25 percent can be

obtained by increasing the amount of protein con-

centrate added to lower quantities of cereal grain.

These formulations constitute the protein-rich

foods.

Table 2 shows the ingredient composition of Inca-

parina formulations made from corn and various

protein concentrates. These formulations have high-

er protein content and their quality is either equal to

the protein concentrate used, as in corn-cottonseed,

or higher, as in corn-soybean. They still have amino

Table 2.—INCAP vegetable protein mixtures
(Incapatina formulations) (Percent)

Compdhent No. 9 No. 14 No. 15 No. 17

Cottonseed flour

Soybean flour

Cowpea flour

Corn flour

Torula yeast

Calcium carbonate

or phosphate

Total

Vitamin A, I. U./ '

100 g.

38.0

38.0

58.0

3.0

1.0

58.0

3.0

1.0

100.0 100.0 100.0 100.0

19.0

19.0

58.0

3.0

1.0

27.0

44.0

25.0

3.0

1.0

4500 4500 4500 4500

Table 3.—Improvement of the protein quality of

INCAP mixture No. 9 (INCAPARINA)

' Average initial weight 48 g.

acid deficiencies, due to the protein concentrate more

than that from the cereal grain, since they contrib-

ute greater amounts of the protein in the mixture {3).

These deficiencies can, of course, be corrected

quite easily by adding amino acids, as shown in table

3 U_). The improvement obtained in quality is quite

significant and it has practical importance in supple-

menting the quality of poor quality diets, as shown

in figure 2 (i).

The first approach, that is, amino acid supple-

mentation, if applied practically can correct the pre-

sent situation of older children and adults since they

are now consuming enough cereal protein provided

its biological value can be improved to satisfy their

requirements. However, during the weaning and

Ave. Wt. Protein

Amino acid Amount gain' efficiency

ratio

Pet. G.

None 78 1.92

L-Lysine HCl 0.25 109 2.46
.1

L-Lysine HCl 0.25

.'^

-1- DL-Methionine 0.10

-1- DL-Threonine 0.25 114 2.59
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Figure 2.—Supplementary effect ofIncap V.M.9.

post-weaning periods not only the quality but also

the amount of proteins should be increased for

small children. For this population group the

protein/calorie ratio of the cereal grain is too low.

Thus, the second, and particularly the third approach

(protein rich food) are more appropriate for this

case.

Because these foods are to be used as supple-

ments to diets poor in protein quantity and quality, it

is almost mandatory that their protein content

should be high and its quality the highest possible.

Otherwise, the nutritional improvement achieved

will be limited.
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FUNCTIONAL ASPECTS INVOLVED IN THE USE
OF OILSEED PROTEIN PRODUCTS FOR FOODS

by

D. W. Johnson

Crest Products, Inc.

Park Ridge, 111.

We are all aware that when a new ingredient is

added to a standardized food product, quite fre-

quently when comparison is made of the standard-

ized product with the same basic product containing

an additional ingredient, there may be a difference in

the appearance, texture, and flavor between the two

products. In some cases, the change may make the

product with the added ingredient more desirable

than the original, but in many cases such additions

may make the new product less acceptable to a con-

sumer.

For example, when soy flour is added to bread at

levels whereby the protein of the soy flour in combi-

nation with the proteins of the wheat may result in

a marked improvement in nutritional value of such

breads, the volume may be less acceptable, crust col-

or may be different and, for many people, the flavor

may be less desirable. Also, when soy flour is added

to bread, it is necessary to make some changes in the

formulation, particularly with regard to added wa-

ter, in order to have the dough handling characteris-

tics desired in the manufacturing of bread and to

have characteristics in the finished loaf which would

be closer to that desired. The reason for the need

for additional moisture in what might be called the

"functional" property of the soy proteins in absorb-

ing moisture, which means that water which normal-

ly would be available for reacting with the wheat
gluten is not present in sufficient quantity^ for this

reaction.

Time will not permit a complete discussion of

all facets of functional aspects involved in the use

of oilseed protein products in foods, because of the

great difference in functional requirements for

such products in different foods. The physical or

functional characteristics of protein products that

one would want for use in beverage products would
be quite different from that which might be re-

quired for a protein product that could be used in

something such as a tortilla.

While my assignment is to deal with the func-

tional characteristics of oilseed protein products,

there may be places where nonfunctional character-

istics might be desirable. Following are desirable

characteristics one might wish for in those products

that are nonfunctional:

1. No or low water absorption.

2. No undesirable effect on natural physical

characteristics of the food to which it is

added, when present at the level desired.

3. No undesirable effect on mouthfeel.

4. No change in appearance of the finished

food to any undesirable degree.

5. It should have the desired nutritional value

when used as the sole source of protein or

when used to supplement other proteins.

6. No "off" flavor or odor.

These would be considered to be ideal character-

istics which, generally, one could not expect to attain

completely in any additive.

Sometimes water absorption can be decreased by
heat treatment of protein materials, but, practical-

ly, water absorption can never be completely elimi-

nated. If it were eliminated, the additive protein

would probably have the mouth characteristics of

sand. However, isoelectric proteins or preparation

of proteins as a low solubility salt, such as calcium

soy proteinate, would be types of products where
water absorption would be decreased.

In the case of food product having a compo-
nent such as wheat gluten, additives that do not have

the characteristics of gluten will have a tendency to

"dilute" the gluten so that when water is added, the

gluten strength will be reduced. As a result, the fin-

ished product will not have the same physical charac-

teristics as the natural product without the additive.

Mouthfeel is largely determined by particle size

and the ability of the additive to soften in the pres-

ence of moisture.

The appearance of food is related to color, tex-

ture, and shape. A nonfunctional ingredient should

preferably not alter these characteristics, unless

116



improvements result in making the finished food

more desirable.

There are a number of functional characteris-

tics which one might desire in protein-containing

products, the importance of any one characteristic

being dependent upon the particular use of the in-

gredient. Following are characteristics which would

be desired in functional ingredients:

1. Good water dispersibility with no settling.

2. Easy wetability.

3. Clear dispersions.

4. Desirable viscosity characteristics.

5. Possible reactions with other colloids to ob-

tain viscosity characteristics.

6. Ability to emulsify fats and produce stable

emulsions either by themselves or with the

addition of other emulsifying agents.

7. Stabilizing properties.

8. Gel-forming properties.

9. Water-holding properties.

10. Thickening properties.

11. Dough forming properties.

12. Film forming properties (coating properties).

13. Adhesive and cohesive properties.

14. Elasticity properties.

15. Aeration properties. :•.

16. Low flavor level or compatible flavor.

17. No "oflF" flavor or odor.

In some cases, several of these characteristics

may be important in difi'erent phases of the process-

ing of foods.

The use of isolated soy proteins in sausage

products might be used as an example of where a

number of the functional properties of soy prote-

ins exert themselves.

In order for the proteins to have functional

characteristics, it is necessary that they be water

dispersible. When isolated soy proteins, as the so-

dium soy proteinate, are added to meat products

along with the usual ice water, these proteins will

disperse and, along with the proteins of the meat,

particularly where the natural meat proteins are not

good binders and emulsifiers in themselves, give bet-

ter overall emulsification of the fat. This can be

demonstrated in formulations where comminuted
meat products are prepared with and without the

addition of the soy protein. When many of these

meat products are heat processed, fat will migrate

to the surface resulting in what are known as "fat

caps." The addition of soy protein to these formula-

tions prevents this migration because of better

emulsification of the fat and because the sausage

products are heat processed, the soy proteins will gel,

thus stabilizing the fat emulsion and retarding or

preventing fat migration. Further, the moisture-

holding ability of the added soy protein results in

less shrinkage and loss of juices, giving better eating

characteristics and flavor in the final product. The
soy proteins, at the levels used, do not cause any ofl^-

flavor or odor. Also, the evidence from rat feeding

studies indicates that the combination of soy protein

and meat protein, at levels that soy proteins would
normally be used in such products, are at least nutri-

tionally equal to the products containing the meat
proteins alone. In this case, it is desirable that the soy

proteins do not adversely effect the viscosity charac-

teristics of the meat emulsions, so that the emulsion

can be extruded into casings, and the thickening and

gelation takes place during the processing after the

casings are filled.

In certain types of beverage products, it would

be desirable that the proteins have good wetting and

dispersibility characteristics, and, in some cases, it

might be desirable to have relatively clear or at least

translucent protein dispersions. In the case of simu-

lated milk products, clear dispersions may not be of

importance, but certainly it would be desirable to

have a product where the proteins remain completely

dispersed and don't settle on stot.j'ge.

In preparing isolated soy proteins, and this may
well apply to isolation of other types of proteins as

well, it is known that the degree of heat treatment

given to the raw materials used for making isolated

proteins can have an influence on the functional

characteristics of the isolates. The technique of

processing can influence physical or functional char-

acteristics of proteins, as well. There are some iso-

lated soy proteins tha,t do not have the characteristics

of gel formation with heat, while others do have

these properties.

In foreign countries where extra protein is

heeded in the diet, in many cases, functional charac-

teristics of additives should be carefully consi-

dered, since all people tend to eat those foods with

which they are acquainted and any change can create

acceptability proteins.
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SOME PRINCIPLES FOR THE USE OF OILSEED FLOURS
IN CEREAL PRODUCTS TO IMPROVE CONSUMER ACCEPTANCE

by .,

R. H. Matthews
Human Nutrition Research Division

Agricultural Research Service, USDA
Beltsville, Md.

Much research in the Department has been

devoted to developing oilseed flours for human con-

sumption in order to effectively up-grade the nutri-

tive well-being of people around the world. For the

development of formulations, nutritionists, food

scientists, cereal chemists, and oil chemists vitally

need basic principles for the maximum use of high-

protein oilseed flours.

Research is presently underway in the Food
Quality and Use Laboratory, Human Nutrition Re-

search Division, Agricultural Research Service, U. S.

Department of Agriculture to develop principles

for incorporating maximum amounts of these

high-protein oilseed flours and concentrates in cereal

products. Emphasis is being placed on the use of oil-

seed proteins such as those from cottonseed, peanut,

soy, and safflower seed in breads. The approach in-

cludes physical, chemical, and histochemical tech-

niques.

Problem

Some investigators
(J_, ^, 4_, _£, 7_) have demon-

strated that oilseed flours change physical properties

of absorption and dough strength in the mixture
with wheat flour. Reports in the literature (J, 5)

reveal that only up to 5 or 8 percent replacement of

the wheat flour was satisfactory and gave good vol-

ume in the finished breads. In some earlier labora-

tory studies in this Division utilizing hand methods
of mixing about 20 percent replacement of wheat
flour was used successfully.' Higher percentages of

oilseed flours for replacement of wheat flour caused

a significant decrease in volume of bread and dimin-

ishing consumer acceptance.

To effectively develop principles for the use of

oilseed flours, or to investigate the specific functions

of oilseed flours in doughs, one must understand the

essential dough-making properties of wheat flour.

The elastic protein of wheat, gluten, holds the gas
produced in the dough upon fermentation by the

yeast and maintains the structure of the dough dur-

ing fermentating and baking. During baking, the

gluten proteins coagulate and some of the starch

granules gelatinize to make the characteristic bread

structure. The amount of starch gelantinized in the

bread crumb varies according to the amount of wa-

ter in the dough. The amount of water generally

used is insufficient for complete gelatinization of

the starch contributed by the flour.

Highlights of Some Preliminary Findings

Oilseed flours used in this study were glanded

and glandless cottonseed and peanut produced at

SURDD; safflower seed from WURDD; and soy

from NURDD. Table 1 gives the nitrogen and lipid

values for these flours. The soy flour was full fat

of the village process. Other oilseed flours were pre-

pared by hexane extraction and were essentially fat

free. Information on type and content of carbo-

hydrates was not available. Data in the literature,

however, reveal that soy flours vary in kind and

amount of carbohydrates. Soy flour is reported to

contain 4 to 5 percent pentosan, 1 to 3 percent starch,

5 percent galactan, 3 percent sucrose, 1 percent raf-

finose, 3 percent dextrin, and 3 percent cellulose.

Other oilseed flours compared to wheat flour are like-

wise low in carbohydrate but high in protein content.

Obviously, from these data, variation in perform-

ance can be expected among these flours in dough
properties.

Research was initiated using typical cereal labo-

ratory instruments. Wheat flour-oilseed flour mix-

tures were evaluated by physical and histochemical

techniques. The farinograph, a recording-type mix-

1 Schlosser, G. Unpublished data.
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Table 1.—Composition of oilseed flours MCNOORAMS: ISX kStAOMBn Of W»«AT FlOUt

OILSEED FLOUR NITROGEN LIPID

COTTONSEED, glanded

liquid cyclone

COTTONSEED, glandless

PEANUT
SAFFLOWER SEED.,, „'?!;

SOY, full fat J J"^

(village-process) '

'm^-

^^^Pct, Pet.

10.7 0.64

.:s;w.. :-aS«...-^ 1.42

«......%a 0.20

....:.^ U4 0.62

6:g^- 24.40

er, measures physical properties of absorption, mix-

ing tolerance, mobility (resistance to mixing), and
breakdown of doughs. A typical farinogram of

family-type flour of 11 percent protein content can

be seen in figure 1. The time required to mix the flour-

water dough to a standard consistency of 500 Bra-

bender Units (B.U.I is important as well as the time

the consistency remains at that level (mixing toler-

ance). The wheat flour had a mixing tolerance (M.T.

)

of 6.25 min. In normal use during mixing of doughs

one could expect a good bread volume and good bread

texture between 1.25 and 7.50 min. mixing at 63

r.p.m. The other farinograms on figure 1 show the

effects of replacing 25 percent of the wheat flour

with oilseed flour. The peanut and the glandless cot-

tonseed flour had a MT of 2.75 min., glanded cotton-

seed 4.00 min., safflower 5.00 min., and the soy 5.50

min.

All oilseed flours at the 25 percent replacement

of wheat flour increased water absorption require-

ments from 58 percent for all wheat flour to 63 to

65 percent for peanut, cottonseed, and safilower. At
this level of replacement, the soy flour increased the

water absorption property to 68 percent. Mobility of

the dough was also reflected during the 20 min. mix-

ing of the farinograph. The wider band width

shows increased resistance to mixing—thus indicat-

ing better dough-making properties. Cottonseed and

peanut flour doughs at this level of replacement

were least mobile. The farinograph results tell us

that several things must be done in making bread

doughs at this level of replacement of wheat flour.

One, doughs must be made more fluid and more ex-

tensible to allow less damage to the gluten structure

during mixing. The more fluid doughs are less subject

to excessive stretching and occasional tearing. Bread

volumes at the 25 percent replacement level were low

by present standards when doughs were made by

A. Control - MT 6 25 Min B. Glondwt cotlonlMd flour MT 4.00 Mir

C GlondlMi conontMd Hour MT. 27S Min. D Paonul flour M T 2.75 Min.

., ,1 ... :

E. Sofflowor Mwi flour M.T SM) Min. F Fvll-lal for flour M.T. iSO Min.

Figure 1.—Typical farinogram of family-type flour of 1

1

percent protein content.

Table 2.—Load volume readings of bread made by

the straight dough method.

OILSEED FLOUR

VOLUME OF BREAD

25 PERCENT REPLACEMENT OF WHEAT FLOUR

STRAIGHT DOUGH MORE FLUID DOUGH

Ml Ml

COTTONSEED, glanded 1482 1875
"

COTTONSEED, glandless <1400 'C ?v, V^ •: 1825

PEANUT 1576 .„••...; "-: 1700 .,.:,

SAFFLOWER SEED <1400 . 1750 .-•

SOY, full fat 1538 .

• 1800

WHEAT "• ' '"-
i92S 1950

"'

Figure 3.—Load volume readings of bread made by the straight

dough method.

customary methods. Loaf volume readings of

breads made by the straight-dough method can be

seen in table 2. Marked improvements in bread vol-

ume were noted when doughs were made more fluid

inconsistency. y1^iJ & O; q> f-o'-t 8h.;vni':.-:-::^: ed:

In evaluations of cottonseed flour breads at the

25 percent level of replacement with added water in

the formulation, the taste panel of five members
usually scored the characteristics of aroma, grain,

tenderness, and flavor between 4.0 and 4.6 out of a
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FARINOSRAMS: DIFFERENT LEVELS OF WHEAT FLOUR REPLACEMENT

WITH GL&NDIESS COHONSEED FLOUR

f^^
A. 5% - MT. 4.00 Min. B. 15% - M.T 3.00 Min.

C 2555 - M.T 2.75 Min D. 35% - M.T 2.25 Min.

Figure 2—Dough strength of four levels of replacement

of wheat flour by glandless cottonseed flour.

possible perfect score of 5.0 The texture of the
glandless cottonseed flour bread, however, was rated

a 3.0 score because of compactness. Breads made by

the straight-dough method were heavy and consi-

dered inedible.

When mixing time was restricted to allow less

gluten damage, the volume of peanut flour breads

was increased from 1,700 ml. to nearly 1,900 ml.

Additional amounts of yeast and fat in the doughs
produced larger loaf volumes of wheat breads.

Research is already in progress using these modifi-

cations in doughs made with oilseed flour. Percent

replacement, kind of oilseed flour, amount of mix-

ing, rate of fermentation, and level of liquid are

interrelated.

At what level of replacement does dough break-

down occur? Figure 2 shows the dough strength of

four levels of replacement of wheat flour by
glandless cottonseed flour. Breakdown was more
rapid at the 35 percent replacement as shown by an

earlier departure time of 5 min., compared with 5.5

and 6.0 min. for the 25-percent and 15-percent re-

placement levels. Departure time is the time in min-

utes after water is added that dough begins to de-

crease in consistency. It is interesting to note when
the arrival times (times required to optimum consist-

ency) and the mixing peak times were identical for

the increments from 15 to 35 percent replacement
of wheat flour. Dough mobility at the different

levels of replacement was dramatically different

during the 20 min. mixing as shown by the variations

in farinogram band width.

What are some of the effect of particle size of

FARINOGRAMS: 25% REPLACEMENT OF WHEAT FLOUR WITH SOY

FLOUR OF DIFFERENT PARTICLE SIZE

A. 60-80 mesK, hand graund M.T 7.00 Min

r^
B. too mesh, machine ground M.T. 5.50 Min.

Figure 3—Comparisons of effects of particle size of oil-

seed flours on dough properties.

oilseed flour on dough properties? Figure 3 shows
that the 60- to 80-mesh hand ground soy flour ab-

sorbed water more readily in the mixture with wheat

flour than did the machine-ground sample of 100-

mesh size, 2.5 and 3.-0 min. arrival time, respectively.

At the 25-percent replacement, the coarser ground

sample of soy flour had a mixing tolerance of 7.0

min. compared with 5.5 min. for the finer ground

soy flour. In this case, the coarser sample gave the

better results. This result may not always be true

for all oilseed flours, but it shows that particle size

and processing treatment are important.

What are some of the structural differences in

the dough made with different amounts of liquid?

Cryostat sections 10 microns thick were observed

under polarized light. Birefringent starchgranulesin

straight dough indicated their high concentration by

clumping in the dough. The less dense distribution

of starch granules was evident in the more fluid

dough. Cryostat sections were also stained with saf-

ranin and fast green; and dough structure was obse-

rved under bright light. Safranin stained the car-

bohydrate of soy-wheat doughs intensely; and fast

green stained protein faintly. The dense, compact

structure of straight dough was obvious. The more

open structure of more fluid doughs was shown by

intense staining of carbohydrate and protein mate-

rials. Photomicrographs indicated that the more open

protein structure and the more diluted form of

starch granules in more fluid doughs can account for

the better volume of these breads. During baking,

these networks form the structure of bread. Re-

search with the heating stage micrCtscope will give

the temperature at which these structures form.

The following principles can be established on

the basis of this research.

1. Oilseed flour should be blended uniformly

with wheat flour by sifting. This step is essential

for even hydration and for smooth and uniform

mixing of doughs with minimum mixing times.

2. More fluid doughs should be used to prevent
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stretching and tearing of gluten strands from

wheat and allow more complete starch gelatinization.

3. Coarser ground oilseed flours can be used

when they are available.

4. For levels of replacement exceeding 25 per-

cent, one can expect to make drastic modifications in

dough formulations. Further work will establish

optimum fermentation times, mixing times, levels

of sugar, salt, yeast, etc.

Recommendations

Processors should consider increasing particle

size and level of lipid remaining in the flour. Both

factors, as well as extent of heat treatment, affect

the absorption properties of oilseed flours in combi-

nation with wheat flour. The lack of lipid material

(except in full-fat soy flour) and the extremely fine

grind cause the flour to be dusty and unpleasant to

work with in a dough system.

Future Research

1. The structural changes during the baking of

dough and the contributions of the dough compo-

nents will be traced using histochemical techniques.

2. Information will be obtained on the kind and

amount of carbohydrate in oilseed flours so their

contributions to dough and bread structure can be

understood.

3. Maximum amounts of oilseed flours that can

be used will be determined based on these measure-

ments and consumer acceptance standards.

4. Effects of variations in fermentation time,

mixing time, levels of sugar, liquid, salt, yeast,

dough improvers, and oxidizing agents will be mea-

sured.

5. New consistency standards for the farino-

graph and the extensigraph (an instrument that

measunes the dough-stretching properties) will be

developed.

When principles for the optimum use of oil-

seed flours are available, more oilseed flours will be
used in the domestic and export markets. Because
of the fundamental nature of this research, re-

sults can apply to home, institutional, and commer-
cial use. The potential consumption of high-protein

oilseed breads both at home and in developing coun-

tries is overwhelming.
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VALUE OF OILSEED PROTEINS FOR CHILD FEEDING

by

G. G. Graham
Baltimore City Hospitals

Baltimore, Md.

This afternoon I would like to confine my re-

marks to some of our experiences with a variety of

cottonseed flours in the diet of recovering malnour-

ished infants.

First, I would like to explain the basis for these

studies and the way in which we carry them out so

that you can make some sense out of the figures

which we are going to present.

We admit severly malnourished infants and, in

most cases rehabilitate them with modified cow's

milk. Once their recovery is well under way and a sat-

isfactory rate of weight gained, normal serum pro-

teins and normal liver achieved, many of them be-

come subjects for the evaluation of different prote-

in sources.

First, we do comparative studies against milk

protein or casein at isonitrogenous and isocaloric

levels. Most of our studies are done with the protein

contributing 6.4 to 8 percent of the calories. I might

remind you that in human breast milk, protein repre-

sents about 7 percent of calories and that excellent,

high quality, modified cow's milk preparations can be

%
lOOH

80-

60-

40-

20-

CF 22 CF 21 CF 27 CF 26

M 22 M M 21 M 27 M M 26

Figure 1.—Nitrogen balance studies with four
different cottonseed flours.

fed at levels of 6.4 percent of calories as protein

without showing any adverse manifestations and

supporting normal growth.

Some of the newer soy milks, based on a soy-

protein isolate enriched with methionine, can also be

fed at this level for long periods of time without

demonstrating any inferiority.

Most vegetable proteins have to be fed at slight-

ly over 8 percent of calories as protein to maintain

normal parameters.

Figure 1 summarizes nitrogen balance studies

with four different cottonseed flours. CF-22 is the

commercially available PROFLO; CF-21 is a glanded

cottonseed flour prepared by azeotropic solvent ex-

traction; CF-27 is another batch of the same prod-

uct; and CF-26 is a flour from glandless cottonseed.

The first set of columns for CF-22 shows nitro-

gen absorption and retention for milk, the cotton-

seed flour, and then again for milk. These were done

consecutively. The stippled area of the columns

+ 0.2-
A SER. ALBUMIN |/lOOml/wk

0.2-

6.0-

4.0-

2.0-

A Wt. g/K|/d
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represents the stool nitrogen, the cross-hatched area

urine nitrogen, and the clear area apparent nitrogen

retention. You can see that the absorption of nitro-

gen from CF-22 was significantly inferior to that

of milk—both before and after. The retention of

nitrogen is definitely lower.

For the azeotropic solvent extracted flour, CF-21,

you can see that the absorption of nitrogen was bet-

ter than it had been for milk at this point and infe-

rior to what it was afterwards. This is probably a

slight artifact. Some of these children showed

temporary intolerance to lactose and this affects

their absorption of nitrogen. The retentions were
inferior to milk, but as you can see it is at a defi-

nitely higher level than that of the CF-22, confirm-

ing the differences in PER that have been consistent-

ly reported.

With this second batch, CF-27, the study was

done a little differently. There was no preceding milk

period. The absorption of nitrogen here was rela-

tively low as compared with the previous batch. The

retentions were almost identical. In the milk periods

that followed, you can see an improvement in ab-

sorption and a very definite improvement in reten-

tion. I might add that when you give milk protein

after the prolonged feeding of almost any vegeta-

ble protein, with few exceptions, you will get reten-

tions of nitrogen which are superior to those you get

on prolonged milk feedings, suggesting that some

protein stores have been repleted.

With the glandless cottonseed flour, the order is

reversed. Here milk was given first and then the CF-

26, as we call it. You can see that the absorption of

nitrogen is very good, better than it was for the oth-

er cottonseed flours. The retentions were slightly bet-

ter than those for the solvent-extracted flours.

At the bottom of figure 2 is a comparative dem-

onstration of the changes in weight gain during the

same periods during which we were measuring nitro-

gen balance.

Note the change in serum albumin. With milk

there was a slight improvement. With CF-22, there

was a definite fall. With CF-21, there was a slighter

fall. I point this out to show the unreliability of

short-term weight gain in children as an indicator of

protein quality. From weight gains here, you would

think that CF-21 was definitely superior to milk and

that CF-22 was almost as good as milk. If these

studies were prolonged for many weeks or months

and these rates of weight gain and rates in fall of

serum albumin continued, these children would deve-

lop fatty livers, hypoalbuminemia, and eventually

edema. But, in practice, what happens with cotton-

seed flour— not with all proteins— is that on pro-

longed feeding the rate of weight gain falls off and

the serum albumin tends to stabilize at levels that

are slightly below those achieved with milk. But
there are no adverse reactions.

By contrast with some other proteins—for inst-

ance, with full fat soy flour that has not had meth-

ionine added to it, the superior rates of weight gain

continue in accord with the higher PER. But if the

feeding is continued for a matter of 2 or 3 months,

these children will develop fatty livers and a very

significant fall in serum albumin, which, if contin-

ued, would eventually result in edema and other

manifestations of Kwashiorkor. This comparison

here between the CF-27 and milk was done at a dif-

ferent time and with different subjects; the rate of

weight gain was definitely less for the CF-27 than

for milk. Both produced no fall in serum albumin.

This is to be expected with the lower rate of weight

gain.
With the glandless cottonseed flour, we have

excellent rates of weight gain but a slight fall in

serum albumin.

With more prolonged feeding of the CF-27 or

the CF-26, we have encountered other manifesta-

tions which at first we thought were characteristic

of cottonseed flour. We have since encountered them
with casein as well, and we suspect that they are due

to a deficiency of a micronutrient in our purified

diet.
The most critical test, in our estimation, of pro-

tein quality is the ability to correct severe malnutri-

tion. In other words, this would be the equivalent of

a repletion study.

If we take infants admitted with Kwashiorkor,

edema, hypoalbuminemia, and severe fatty livers

and feed them cottonseeed flour as the only source

of protein in the diet, we have encountered re-

markedly good results. As I pointed out to Dr. Mil-

ner, these were quite unexpected. The retentions of

nitrogen from cottonseed flour in this very critical

situation are excellent, diuresis is very prompt, and

serum albumin recovers almost as rapidly as it does

with milk.

By contrast, fish protein concentrate which has a

significantly higher PER and supports a better rate

of weight gain, confirming the PER, is not able at

normal levels of protein intake to regenerate the

serum albumin and correct the fatty liver.

These diflferences in quality in different situa-

tions, I think, merely indicate to us that we must be

a lot more critical in the evaluations of proteins

being considered for infant feeding than just to

depend on the PER in rats.
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This morning, one of the members present

brought out the diiferences between the PER values

and the weight gain in chickens. I might suggest that

neither one is an adequate indicator of protein qual-

ity for the human infant.

I was pleased to see that in the development of

the Vitasoy, the percentage of calories as protein

was given at something like 16 percent. This seems

perfectly safe for a protein with a PER of 2. I

emphasize this because, along with some of the oth-

er impressive specfications which we heard from the

Food and Drug Administration in their proposed

regulations, a definition of a substitute for human
breast milk has been included which must contain no

less than 1.8 grams of protein per 100 calories. This

is the protein content of human breast milk. I doubt

that in our lifetime any of our laboratories are

going to come up with proteins that compare to hu-

man breast milk in quality. The proposed regulation

goes on to state that the quality of this protein must

be at least 70 percent that of casein. Although it

does not define it, I presume that this refers to its

having a PER—70 percent of that of casein. Casein

is not equivalent to human breast milk proteins to

begin with, and a PER of 70 percent of that of cas-

ein fed at such levels could be guaranteed to produce

Kwashiorkor in a significant percentage of infants.

i
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NUTRITIONAL VALUE OF CEREAL OILSEED PROTEIN FOOD MIXTURES

by

C. M. Lyman
Department of Biochemistry and Biophysics

Texas A&M University

College Station, Tex.

In a sense this presentation is a continuation of

one phase of the paper presented this morning by

Dr. Keith Smith. It is well known that the nutritional

quality of protein food mixtures is not to be calcu-

lated on the basis of the summation of the values

obtained by feeding trials on the individual compo-

nents.

Theoretically a mixture with excellent protein

quality might be compounded from components

each of which alone would be rated mediocre or poor

because of a deficiency of some particular essential

amino acid. Because almost all of the cereal grains

and the vegetable protein concentrates as well (with

the marked exception of products made from peas

or beans) are deficient in lysine, practical applica-

tions of this principle have been limited. So long as

lysine remains the limiting factor, supplemental

values with respect to other amino acids are oversha-

dowed. Now that synthetic lysine is not entirely be-

yond the realm of practicality, the nutritional value

of various combinations of vegetable proteins dese-

rves further study.

The first objective of this investigation was to

find out whether cottonseed flour, either with or

without added lysine, can be satisfactorily substi-

tuted for soybean flour in the standard CSM food

mixture which is purchased by USDA and used by

our government to help alleviate hunger throughout

the world.
The second objective was to determine whether

sorghum grain can be satisfactorily used in place of

corn.

In the CSM food mixture approximately 9 per-

cent of the protein is supplied by dried skim milk, 30

percent by corn, and the balance by soybean flour.

Protein efficiency tests (PER) were conducted

according to the AOAC Method ' .

Table 1 shows the results of an experiment in

which the oilseed components of the food mixture

I Official Methods of Analysis of the Association of OflScial Ag-

ricultural Chemists. 1960 9th Ed. 680-681.

consisted of varying proportions of soybean and
glandless cottonseed flours both with and without

added lysine.

The interpretations of the data are as follows:

(1) The PER value of 2.59 obtained for the

standard CSM mixture is considered to be in

good agreement with the value of 2.5 ob-

tained in other laboratories.

(2) Replacing 50 percent or more of the soybean

flour with glandless cottonseed flour without

added lysine resulted in lower PER values.

(3) With corn as the cereal component replacing

25 or 50 percent of the soybean flour in the

standard CSM mixture with glandless cotton-

seed flour plus lysine resulted in substantial

improvement in protein quality as indicated

by PER values. (3.04, 2.88, 2.87 as compared
with 2.59 for the standard CSM mixture.)

(4) Replacing all of the soybean flour with

glandless cottonseed flour plus lysine resulted

in a food mixture with protein quality fully

equivalent to the CSM mixture.

We have sought to find out why replacing part

of the soybean flour with cottonseed flour plus lysine

resulted in substantial improvement in protein quali-

ty. Rather than replying on published values for the

amino acid content of the individual components we
have analyzed test mixtures Nos. 1, 6, and 9 by the

use of the automatic amino acid analyzer '
. The re-

sults showed that the content of most of the essen-

tial amino acids in all three test mixtures were well

above the FAO standards. Methionine represents an

exception, and it was anticipated* that diff'erences in

methionine content might be a significant factor.

Although the data (table 2) show a slight increase in

methionine with increasing amounts of cottonseed

flour, the differences would appear to be too small to

account for the improvement in PER values.

' Spackman, D. H., Stein, W. H., and Moore, S. 1958. Automatic
Recording Apparatus for Use in the Chromatography of Amino
Acids. Anal. Chem. 30: 1190-1206.
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Table 1.—Protein quality evaluation of food mix-

tures containing glandless cottonseed

flour and soybean flour

Test Cotton- Soy-

misture seed bean 4 weeks Corrected

no. flour flour Lysine gain in wt. PER

No. Pet. Pet. Pet. G.

1 100 104.7 2.59

2 25 75 84.3 2.44

3 25 75 0.2 129.1 3.04

4 50 50 70.2 2.22

5 50 50 2 116.9 2.88

6 50 50 .4 127.4 2.87

7 100 53.1 1.63

8 100 .2 78.8 2.13

9 100 .4 105.9 2.56

10 100 .6 109.1 2.63

11 (') Cl (') 107.4 2.50

Table 3.—Isoleucine content of food mixtures con-

taining soy flour, cottonseed, corn, and
dried skim milk

Values expressed at percent of protein

FAO standard

CSM food mixture

(Test mix #1)

With 50 percent of SBF replaced

with cottonseed

(Test mix #6)

With 100 percent of SBF replaced

with CSF
(Test mix #9)

4.2

4.28

4.08

3.63

' Standard casein control.

Table 2.—Methionine content of food mixtures

containing soy flour, cottonseed flour,

corn and dried skim milk

\'alues expressed at percent of protein

FAO standard

CSM food mixture

(Test mix #1)

With 50 percent of SBF replaced

with cottonseed

(Test mix #6)

With 100 percent of SBF replaced

with CSF
(Test mixi^9)

The cystine content of soybean and cottonseed

flour are so nearly alike that replacing soybean flour

with cottonseed flour did not appreciably change the

cystine content of the test mixture. The cystine con-

tent of test mixtures Nos. 1 and 6, expressed at per-

cent of the proteins, was 1.76 and 1.73, respectively.

Cystine was determined by oxidation to cysteic acid

which was quantitatively determined by the use of

an automatic amino acid analyzer '.

Analysis for isoleucine (table 3) gave some in-

teresting information. The low value for the isoleu-

cine content of test mixture No. 9. as compared to

the FAO standard, may well account for the poorer

performance of 100 percent cottonseed flour as

compared with mixtures of soybean flour and cot-

tonseed flour.

Table 4.—Protein quality evaluation of food mix-

tures containing glandless cottonseed

flour, soybean flour, and sorghum grain

Cottonseed

flour

Soybean

flour Lysine

4 weeks

gain in wt.

Corrected

PER

Pet. Pet. Pet.

2.2

1.69
100 92.0 2.37

50 50 84.0 2.27

50 50 0.2 109.2 2.63

50 50 .4 104.3 . 2.77

100 56.5 1.88

1.78
100

100

.2

.4

90.9

90.1

2.32

2.59

1.85
100

( )

.6 89.6

108.4

2.43

2.50

Standard casein control.

Table 4 shows the results of PER tests in which

sorghum grain flour was used as the cereal compo-

nent. In general, substitution of grain sorghum for

corn resulted in lower PER values. In other respects

the trends follow the same general pattern which

was obtained w'ith corn as the cereal component. It is,

however, pointed out that PER values above 2.5 were

obtained with the oilseed protein component consist-

ing of either 50 percent glandless cottonseed flour

plus 50 percent soybean flour or with 100 percent cot-

tonseed flour when supplemental lysine was added.

Because of the variability of diflPerent samples

of sorghum grain, perhaps these data should be pre-

sented as the results obtained with a particular sam-

ple of gi'ain sorghum flour.

The amino acid content of the oilseed meals and

'Moore, S. 1963. On the Determination of Cystine as Cysteic Acid. J. Biol.Chem. 238: 235-237.
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Table 5.—Crude protein of Texas Hybrid RS-610 grown under 11 diflferent agronomic conditions

Location in

Texas

Moisture

conditions Fertilizer Yield Protein

McGregor r, p ;{? i...

Chillicothe

Chillicothe

College Station

,3,,'(',.^ Dryland, 5" rain

Dryland

Irrigated

Irrigated

200 #4 W:.::;

16-20-0

Never

fertilized

Not fert. in

prev. 2yrs.

60# liq. N

Low .,.;. ... . i
,i

E.xt. Low

Pet.

:,;::;...., 7.77

13.51

13.23

7.85

Bushland

Bushland

Irrigated, 15"

Irrigated, 11"

200 ^N
200 #N

6950

5120

9.82

10.61

Bushland

Bushland

Irrigated, 7"

Irrigated, 7"

100 #N
100 #N

5920

4370

10.42

11.01

Bushland Dryland 50 n 3190 9.44

Bushland

Bushland

Irrigated, 13"

Irrigated, 9.7"

200 #N
200 ?^N

7389

6089

9.60

10.39

10 II 12 13

% PROTEIN

Fig.l- LYSINE CONTENT OF SORGHUM GRAIN
SAMPLES OF VARYING PROTEIN CONTENT

Figure 1.—Lysine content of sorghum grain samples of

varying protein content.

flours are in general, relatively constant when ex-

pressed as a percentage of the protein. This is cer-

tainly true of cottonseed and soybean flour except

when the product has been prepared by manufac-

turing procedures which fractionate the different

types of proteins.

In the case of the sorghum grains, the situation

is quite different. Two samples of the same variety

grown under different agronomic conditions may
vary in protein content by as much as 100 percent.

10

% PROTEIN

Fig.2-IS0LEUCINE CONTENT OF SORGHUM GRAIN

SAMPLES OF VARYING PROTEIN CONTENT

Figure 2.—Isoleucine content of sorghum grain samples

of varying protein content.

This is illustrated by the data given in table 5 which

shows the protein content of 11 samples of the

Hybrid RS610 grown at different locations and under

different cultural conditions. The lysine content of

these samples also varied as much as 100 percent.

What is perhaps more significant is that the lysine

content was not proportional to the protein content.

Figure 1 shows that the percentage of lysine in the

protein markedly decreased with increasing protein

content. With the high protein samples the percen-

tage of lysine in the protein was approximately 1.8.

If this value were used to calculate the lysine con-

tent of the low protein samples, the error wculd be

about 40 percent.

In contrast, the glutamic acid content calculated
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as a percentage of the protein has in our experi-

ments been consistently higher for the high protein

samples.

On the other hand, the isoleucine content of the

same 11 samples (fig. 2) was very nearly proportional

to the protein content. In view of the above consider-

ations, it is difficult to generalize on the question of

the protein quality of food mixtures where sorgh-

um grain is used as the cereal component.
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PANEL DISCUSSION: "MARKETING OF PROTEIN PRODUCTS FROM OILSEEDS"

S. M. Cantor, Sidney M. Cantor Associates, Inc.,

Ardmore, Pa., Moderator

A MARKET ORIENTATION FOR PROTEIN-RICH FOODS

by

D.L. Call

Cornell University

Ithaca, N. Y.

It is indeed gratifying that the organizers of

this Conference felt it was desirable to have a ses-

sion on marketing. It is somewhat of a symptom of

our time that we, the marketers, are last on the pro-

gram when, we should have been first; but of course,

that reflects my bias.

Being on the program reflects the growing inter-

est on the part of the food scientist and nutritionist

in the field of marketing, and it is pertinent to ask

why this has taken place. To me, it reflects the tradi-

tional shift of emphasis associated with any bundle

of technology, the transition from the laboratory to

the market place.

For years many have labored under the false

assumption that new technology could bring forth a

new, cheaper source of protein, and that people the

world over would rejoice and automatically buy this

new food product. Unfortunately, nothing could be

further from the truth. No one eats FPC, no one

eats cottonseed flour, no one eats soybean protein

concentrates, no one eats single cell protein, and

few, if any, people in the world eat protein as such.

People eat food, and they eat the food that their

forefathers ate, or they eat the food which their

mothers place in front of them, and they are very

reluctant to change these traditional food habits.

This is why the marketing people get involved, since

it is assumed that effective marketing can change

food habits. The real job of the marketer is to build

effective demand for a desirable product.

Therefore, the marketing emphasis has been

brought into the picture. Those responsible for mar-

keting are being asked to take these new ingredients

and find a method for increasing their consumption.

Furthermore, most would like the almost impos-

sible answer. That is a solution applicable to most, if

not all, the less developed countries of the world.

Ideally, some believe that there may be a common

solution such as a product with the protein quality

of milk, that is cheaper than the food staple of the

country, that will not be consumed by adults, that

will result in an immediate improvement in the be-

havior and appearance of the child, that has a flavor

that the mother likes and the child loves, and that

come in a Coke bottle. Although this ideal product is

impossible to achieve, this brief sketch does point

out some of the problems facing the marketing

people as we attempt to solve the problem that you

have handed to us.

Now to add perspective to this panel, I do want to

mention a few of the problems that we face. I am
talking now as an academic man interested in re-

search on the role between economics, marketing,

and malnutrition.

The lack of clear objectives.— I think the big-

gest problem that we face is the lack of clear, at-

tainable, realistic objectives. There have been a few

objectives stated at this Conference, but I am still

confused. Dr. Altschul stated that an objective of

the United States Department of Agriculture is the

addition of the equivalent of a billion cups of milk

in the world through the use of new protein foods.

What kind of an objective is this—the equivalent of

a billion cups of milk? For whom? Where? Con-

sumed by whom? At what price? With what result?

This is a nice sounding objective, but I feel it is a

shotgun-approach to a target where a rifle would be

much more appropriate.

We should have multiple objectives with dif-

fering priorities. Our chief objective with highest

priority should be the prevention of malnutrition in

the preschool child and in pregnant and lactating

women. Until we have provided answers to this prob-

lem, we should not be spending money and time on

less important problems. The search for export

markets for U. S. products should not dictate field
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programs or have a high priority. Another problem

that we face, in addition to the hick of clear objec-

tives, is the lack of coordination among various in-

stitutions and other factors that have a genuine in-

terest in the problem. I definitely feel that we need

priorities assigned, and money needs to be allocated

in accordance with these priorities.

TJie hick of u common solution.~A second ma-

jor problem that we have faced is the belief that

someone can come up with a common solution. It was

mentioned before that there will be no one panacea,

no one answer, no one ideal product. I think that the

marketing person is particularly aware of the need

for a country-by-country approach. To borrow a

term from the medical people, we desperately need a

thorough diagnosis of the etiolog>' of malnutrition

before we write a prescription for action programs.

The changing of food habits—and that is what you

are asking us to do— is going to have to be localized

because people's food habits are localized.

The American food industnj —The third prob-

lem, which we face is the great myth that has been

perpetrated upon some people, that all we need is the

export of the American food industry's marketing

know-how and we will solve the problems of the

less-developed world. The marketing know-how ex-

hibited by the United States food industry has been

developed in an affluent society, and in conjunction

with a very unique food distribution system, ulti-

mately ending up in the supermarket. If we are to

market foods in the less-developed countries, we are

going to have to learn how to sell foods in a poverty

situation. We have not been able to do that even in

the United States as evidenced in the recent report

"Hunger—U.S.A.".

In essence, what you are asking us to do is to

enter into severe competition for a very scarce food

dollar. In any society it is difficult to get consumer
approval of a new food product. If a new pattern

of usage is also required, the problem is compound-

ed. We can help food marketers in the LDC's re-

search the problem and help them design marketing

^programs, but unfortunately we do not have these

programs sitting on a shelf.

The last thing which I want to mention is what
this Conference does show to me, as did the Peoria

Conference and other conferences of a similar na-

ture, that the Food and Nutrition scientists are

providing us with a reservoir full of technology

—

technology that has provided us with protein materi-

als with diflfering functional characteristics, dif-

fering costs, differing nutrient compositions, and so

on. Therefore, when we do analyze the situation and

design action programs, we can come to this reservoir

knowing that there are a wide range of raw materi-

als that can be manipulated as we attempt to solve

the malnutrition problems—country by country.
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MARKETING CONSIDERATIONS FOR TEXTURED PROTEIN PRODUCTS

by

A.D. Odell

Central Research Laboratories

General Mills, Inc.

Minneapolis, Minn.

The change in title of my part of this discus-

sion is prompted by the recognition that, at this late

hour in the Conference, there is little more that

need be said about the marketing of soy protein con-

centrates and isolates. Both of these items are

commodities, but commodities of a rather unusual

class in that they represent, at one and the same
time, not only solutions in search of problems but

also problem children whose total future potential

can only be surmised and which will require pater-

nalistic patience and guidance for full realization.

We have already heard much about the present

and future ways and means by which soy flour, con-

centrates, and isolates are gaining, and should con-

tinue to gain, greater acceptance in the human die-

tary. To the extent that these advances in utilization

can produce a profit at the far end, they are perma-

nent advances and, as such, will have long term

commercial viability. Where no such profit motiva-

tion is demonstrable, there can be no industrial in-

centive, no spurs to in-depth research by the tech-

nically competent and, in the foreign markets, no

shoring-up of the economic infra-structure of

those developing nations who can and should be inv-

olved with these commodities and their end-product

extensions. Until it is eaten, any food is merely a

collection of organized chemicals of greater or less-

er complexity. Since foods are not eaten because

they are liked, but are liked because of the learning

process of eating them, marketing's job is to get the

consumer to take the first swallow. With an uncon-

ventional food, this requires sophisticated and

strenuous marketing effort, no matter how brilliant

the background research to create the food, or how
obvious the need may be for the product itself.

Marketing, then, of a rather special type holds

the key to the future of consumer products from

these raw materials. Why marketing of a special

type? Simply because, with the exception of certain

parts of the Orient, and even there, in only a limited

sense, the new and "never before" foods which can

be created from these flours, concentrates, and iso-

lates are totally strange to the consumer. Novelty in

foods poses an acceptance problem even among the

highly sophisticated in the aflfluent nations. Greater

convenience, better packaging, freezing, freeze

drying, and other technical advances applied to tradi-

tional foods create no insurmountable obstacles on

the domestic scene. A totally new food, however,

creates its own problems.

General Mills, Inc., Ralston-Purina, Worthing-

ton Foods, Swift, Archer-Daniels-Midland, and oth-

ers are, as all of you know, engaged in the creation

and introduction of both processor- and consumer-

oriented foods from various forms of soy protein.

The structural integrity that is engineered into these

foods by chewy gels, extrusion puffing, or spinning

has, as its purpose, the creation of proudcts that fit

into a prized sector of the menu—texture, chewi-

ness, proper mouth disappearance, and general gus-

tatorial gratification. As such, all of the products on

which all of us are working have nutritional excel-

lence, can be shelf stable, can possess a considerable

degree of mimicry of the familiar, can be used to

extend traditional foods, and can certainly be de-

signed to meet parochial preference patterns. Given

all these attributes and economy along with them,

one would be tempted to conclude that these products

are a cinch to succeed in the market place. Such a

conclusion would be absurd.

The aflfluent customer, in even such a highly

technically oriented society such as ours, tends to

require a point of reference in contemplating an

entirely new food. Put simply, the first question is

likely to be, "What is it like?" It would be folly to

ignore this atavistic need for an identity tie-back to

comfortable familiarity, at least in the early stages

of the introduction of a new class of foods. It is in

recognition of this strategic requirement that those

of us concerned with the creation of this new class

of foods have adopted the door-opening device of

simulation. Creation of products which are analo-

gous to, but by no means identical with, beef, ham,
poultry, bacon, fruits, nutmeats, and so on, appears
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to be the most sensible way of achieving initial ac-

ceptance, if the marketer has as his goal substantial

main course use as opposed to an adventurous one-

bite trial in a "far-out" cocktail canape, for exam-

ple.

In addition, to the need to create consumer

awareness and desire to purchase, there is a legal

road map which the marketer must attempt to fol-

low. Earlier today we heard from the Director, Food

Standards and Additives Division of the Food and

Drug Administration on some of the requirements

associated with the use of concentrates and isolates

in the "food additive" sense. He has also alerted you

to some of the dilemmas. With regard to the sale of

textured foods as such, it would appear that there is

a definite analogy- shaping up between textured

foods and the natural products which they can re-

semble and the now familiar path that the margar-

ine-butter controversy took. It would seem that if a

standard or standards of identity can be adopted,

then sales approaches, labeling, and other parame-

ters, all oriented to generic names, might avoid any

accustations or intent to confuse or deceive the end

user.

Since textured protein foods have an obvious

potential to supplement and, therefore, to be used

with natural meats to produce mixed end products

which are capable of a high degree of consumer
acceptance, the marketer must take into account the

complications which this will introduce. Boiled down
to its simplest terms, it is necessary to ensure that

such products are so identified as to be readily recog-

nized for what they are at the time they are pur-

chased. The resolution of the several problems

which would seen certain to arise will call for coop-

erative consultation among regulatory agencies,

inspection programs, and industry. Products of such

obvious merit and such great potential global signif-

icance should not, indeed must not, be permitted to

founder on the rocks of statutory rigidity. Food is,

and will continue to be, of prime importance not

only to our diplomatic arm but, as we have heard out-

lined during the past 2 days, to the very future of

all mankind.

There have been opportunities for the Federal

Meat Inspection Program to review the labeling of

products which are mixtures of textured soy protein

and meat/or chicken, or both. Such a review has been

made in connection with the requirement that only

approved labels be used at establishments that oper-

ate under grants of Federal Meat Inspection and

Federal Poultry Inspection. The basic position of the

Inspection Program appears to be that there shall be

no substitute for meat or poultry by simple inclu-

sion in the ingredient statements on the label. The
contribution to physical character achieved by the

textured food requires appropriate descriptive

wording on the label. An example could be sausage.

The Inspection Program has prescribed a standard
that excludes textured soy protein from sausage on

the premise that the use therein of any amount of

textured soy protein is considered to be a substitution

for meat. A "sausage" which contains textured soy

protein is not a sausage and its label should bear a

descriptive wording which clearly identifies the prod-

uct for what it is. Such a descriptive wording or

terminology- should not be suggestive of sausage. All

very fine— all nice and neat and nightmarish—now
comes the consumer asking, "What is it like?"

On the positive side, there are standardized

products in which textured soy protein may be used.

Beef stew is an example. Beef stew must contain 25

percent of beef, but textured protein may be added

over and above this minimum meat content. Since

physical character is thus imparted, the label must
include a descriptive reference to the presence of

the textured protein. There is a class of products

for which there are no standardized formulations

and these are such nonspecific items bearing labels

such as "stew," "sauce," "pie," "loaf," "stick,"

"spread," and the like. Add textured protein and you

impart physical character and the label must include

descriptive references to such inclusion.

There are thus many facets to marketing of

these products at home. There would seem to be no

need to go into detail, to such a cosmpolitan group as

this, on the many roadblocks and pitfalls which lie

in wait in off-shore exploitation. In Western Europe,

for example, regulations can change almost every

hundred miles. In the less developed nations the in-

troduction of such foods requires elaborate adv-

ance preparation which spans all the way across the

spectrum of disciplines from the anthropologist

through the chemist and engineer to the nutritionist

and physiologist and on down the line. These are the

birth pangs of a new food class as opposed to minor

modifications of traditional foods. They should be

recognized as such and accepted as part and parcel

of the gestation and parturition process which goes

hand in hand with any new offspring. What it all

adds up to is that marketing is as great a challenge as

was the basic technology' itself.
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INCAPARINA IN COLOMBIA

by

J. C. Hussey, Jr.

The Quaker Oats Company
New York, N. Y.

It was in 1961 that the contract was signed

whereby (INCAP) authorized Productos Quaker S.

A., our subsidiary in Colombia, to manufacture In-

caparina under license. Since that time we have all

come a long way in our knowledge of the protein

malnutrition problem in Colombia and the rest of

Latin America, as well as ol the possible solutions.

We now have a much better idea of the true

extent of protein malnutrition in Colombia and oth-

er countries. We need no longer theorize about the

means of alleviating the problem, but can speak on

the basis of facts from our own experience. Our
experience, from which we can draw some confid-

ence, has also made us aware that the magnitude of

the problem is such that there is no possible panacea.

We feel we are fighting a good battle, but, it is a

small part of the war. Many more fronts must be

opened if the war is to be won.

We came to the manufacture of Incaparina

with a background of half a century in exporting

tinned oats to Latin America. We felt that our con-

tribution to the alleviation of the hunger problem in

Colombia would become more meaningful if we
turned our efforts to the production of a food com-

posed entirely of local ingredients and containing a

higher percentage of protein than the 17 percent

contained in oats.

The formula developed by INCAP for Colom-
bia contains corn flour, soy flour, cottonseed flour,

calcium carbonate, and some vitamin fortification.

Local ingredients amount to over 98 percent of the

total.

In 1963, the actual manufacture of Incaparina

began. In the interval between the signing of the li-

censing agreement and production start-up, exten-

sive product and clinical research was done. At the

time of launching, we were assured that our Inca-

parina was up to INCAP's standards of protein con-

tent and amino acid balance, that it was easily toler-

ated by the digestive systems of individuals of all

ages, in the most varied states of health, and that it

was compatible with Colombian food habits.

We did not do a formal, massive feasibility

study in the Harvard Business School sense. But, we
did make studies of nutrition attitudes, Incaparina

acceptability, Incaparina profitability, etc. Our in-

quiries yielded information which our later experi-

ence has proved correct. We are now in a position to

confirm that it is possible in Colombia to sell a high-

protein floury mixture appropriate for making cola-

das (a thin grain gruel).

We attribute Incaparina's acceptance to the fol-

lowing factors:

1. Having found a food habit, coladas, for

which Incaparina is an ideal base.

2. Having had sufficient material resources to

allow us to subsidize the product during its

slow start, and competent, dedicated person-

nel to see it through its unspectacular begin-

nings to its present state.

3. Having used a formula requiring virtually

all local ingredients.

4. Having priced Incaparina low enough to put it

within reach of almost everyone in the mon-

ey economy.

5. Having been unafraid to advertise Incapari-

na's merits strongly, even melodramatically,

in order to bring its important nutrition story

to the public's attention.

Despite the relatively pragmatic nature of our

initial "feasibility studies," we do not feel that if

we had it to do over we would approach the study of

the malnutrition problem and the marketing of In-

caparina in a different manner. Our approach on

formulation, packaging, distribution, and advertis-

ing copy strategy would be the same today as it was

then. The only problem we had that we might have

avoided was one of media selection strategy in our

advertising campaign. The radio stations on which

we first placed our commercials were not reaching

our primary target market, the lower socio-economic

groups, as effectively as we wished. The situation was
shortly corrected.

We have stayed very close to our original ap-

proach because we feel that it has served us well.

We have never ceased to consider a low shelf

133



price as an important factor. The price has been held

down to Ps. 2.00 per 500 gram bag, despite inflation.

It is still competitive with the prices of such staples

as beans and rice. Today, two Colombian pesos are

worth 12(|; in U. S. currency. There are few Colombi-

an families within the money economy that cannot

afford to pay the sum of 20 to 25 portions of Inca-

parina.

We have retained the system of providing pur-

chasers of bulk sacks of Incaparina with a supply

of empty 500 gram bags bearing the Incaparina

trademark. In this manner, our saving on packaging

cost is passed on to the consumer, with no loss of

brand identification at the shelf level.

We have continued to concentrate on distribu-

tion in the lower class outlets.

Our advertising copy has been revised some-
what, lest the consumer hear the same words too

often and stop listening. But the basic message is

still the same, namely, that Incaparina's protein con-

tent can make the difference between malnutrition

and good health.

The formula of Incaparina has remained un-

changed. Rigid quality control is in effect at all times

to insure against unwanted variations. This is not to

say that we are so satisfied with the product as to be

complacent. Product improvements are constantly

under study, with the cooperation of INCAP.

Research shows us that the flavor and texture

of Incaparina are more acceptable to consumers now
than at the time of launch. These improvements
have been brought about through upgrading of mill-

ing and mixing techniques.

Currently, the possibility of substituting sorgh-

um for corn as the basic ingredient of Incaparina is

being considered. The shelf price would not be af-

fected. In addition, consumer tests have shown that

such a change would result in yet more acceptable

flavor, texture, and appearance. To confirm these

findings, research of broader scope has been under-

taken. On the basis of the results, action will be tak-

en. INCAP has been kept abreast of all develop-

ments and has given all the necessary technical as-

sistance to guarantee that the nutritional value of

Incaparina will in no way be diminished, should the

change to sorghum be made.

Recently, other avenues have been explored. We
have experimented with Fish Protein Concentrate as

a protein source for Incaparina. We have found it

unsuitable because:

a) In the concentration required to maintain
the protein content at an acceptable level, it

imparts a fishy flavor to the whole product.

b) None is available locally in Colombia, and

we prefer to avoid having to import so

importajit an ingredient.

Synthetic amino acid enrichment has also been
considered. The amino acid balance in the present
fownula is close to ideal. Further lysine enrichment

would not improve it sufficiently to justify the con-

sequent increase in consumer price.

Our office in New York is in contact with the

Food Conservation Division of UNICEF, to keep

informed of any progress in the development of

high-protein cottonseed mixtures.

In sum, our aim is to study all possible improve-

ments without losing sight of the fact that our pre-

sent success is based on high-quality nutrition at a

low price. In its present form, Incaparina can be

compared to powdered whole milk as follows:

Price per Grams Grams of Price per Price per

500 grams per protein per portion gram of

ps. portion portion ps. protein

ps.

2.00 25 6.9 0.0144 0.002

15.95 25 6.3 .1265 .02

Incaparina

Powdered

milk

Not only the quantity of protein, but the amino
acid balance, by which the quality of the protein is

judged, is coTiparable in Incaparina and powdered
milk. Therefore, we can say that Incaparina

provides the approximate nutritional equivalence of

powdered whole milk at one-tenth the price per gram.

The difference is noteworthy, indeed dramatic. We
want to be able to continue making such favorable

comparisons.

We refer to our present position in the market

as favorable. This is measured by the extent of our

product's penetration into the market. The sales of

Incaparina in the last fiscal year amounted to slightly

over 1,500 tons. This represented an increase of 50

percent over the previous fiscal year's sales. During

this fiscal year we are holding that level.

We calculate that at this level we are supplying

no less than 60 million glasses of Incaparina to Col-

ombia. This is equivalent to as many glasses of milk.

We are putting 420 million grams of high-quality

protein into the Colombian diet. Moreover, the bulk

of this protein is being made available to Colombi-

ans who would otherwise be deprived of it because

of cost.

As our sales increase, we will be able to speak of

even greater strides in upgrading the Colombian diet.

We are now in the process of extending our

work on Incaparina outside of Colombia. We are in

the initial stages of an Incaparina test market in

Nicaragua. It is still too early to judge market reac-

tion, but we are optimistic that our product will find

as good acceptance in Nicaragua as in Colombia.
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EDIBLE FLOUR FROM PEANUTS

by

L. L. Branscomb
Gold Kist Peanuts-Pecans

Graceville, Fla.

Although I have been closely associated with

experimental work in the development of a process

for producing peanut flour, I would be most presum-

tive to undertake a review of the purely technical

aspects of the product itself. Many of you have

far greater knowledge in this field than have I.

Therefore, I shall confine my comments to more-or-

less my personal experience, combined with some
information I have gathered from here and there.

I first became interested in peanut flour in 1956

out of curiosity. This was shortly after I had joined

the peanut industry. My primary goal was to isolate

the protein to provide an inexpensive nutritive con-

centrate to blend with other inexpensive established

food items with diiferent components. I wanted a

pure product to start with. I found that when the

raw blanched nuts were crushed and solvent-extract-

ed, the result was a material which just turned to

flour. I had no previous knowledge that such a prod-

uct existed. I was fascinated by this material which

looked so pretty and flowed like water when stirred in

a carton. Since that time I have enthusiastically

sought means for economically producing it and
developing its use in the food industry.

I soon learned that I was not the first to discover

peanut flour. I also learned that no one was engaged

in producing it. So, I set about developing both a

process and potential use. I soon found that the

commercial production of this product was fraught

with problems and that developing interest in a new
product was even more difficult.

What were the characteristics of peanut flour?

Just what was its potential? These things I had to

learn. Through, contacts with various individuals and

groups I increased my knowledge. I learned that a

Company in Texas had prepared a large quantity of

flour under the auspices of the Army for nutrition

experiments during World War II. This was a prod-

uct containing 9-percent oil. Just why the project

failed I am not sure. Probably because rancidity

developed due to the high oil content. Other groups

have produced peanut flour, here, in England, and in

India under the sponsorship of UNICEF. Emily
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Grewe, in 1944, published a paper comparing the nu-

tritional components of peanut flour with wheat

flour. Products prepared from mixtures of peanut

flour and wheat flour provide a satisfactory source

of proteins, carbohydrates, vitamins and minerals

for normal growth. Peanut flour by itself cannot be

used in making baked foods since it lacks gluten; but

mixed with wheat flour up to ca 40 percent, it

provides a high protein product which is pleasing to

eat.

I was commissioned by our General Manager to

supply the rolls for our Annual Meeting in 1962.

With the kind cooperation of a local baker I de-

livered 425 dozen rolls which were enthusiastically

received.

Peanut flour is rich in easily digestible protein

and vitamins, but like most other vegetable products,

it is lacking or deficient in some nutritive components

which would make it a satisfactory diet on a con-

tinuing basis.

Its primary limiting factor is a deficiency in lys-

ine, methionine, and cystine, especially methionine

—

combined with other foods it can find wide use in the

food industry in the form of breads, soups, sauces,

dips for chicken and seafoods, and in the fascinat-

ing field of snacks. We have delivered to numerous

food companies thousands of pounds of this pea-

nut flour for experimental and developmental prod-

ucts. Not only would it provide a fascinating new
flavor to the diets of aflHuent people, but if economi-

cally produced, it would assist in providing nutritive

food to the needy and starving people of the world.

Dr. Scrimshaw, Dr. Milner, their associates, and oth-

ers have developed highly nutritive preparations

from less expensive agricultural commodities for

use in needy areas of the world. With proper cooper-

ation and supervision, the peanut industry could join

in the never-ending struggle to provide an adequate

and healthful diet to the less fortunate people of

the world.

Perhaps, my most interesting experience in pea-

nut flour was associated with hemophilia. In the late

'50's, Dr. Boudreaux discovered that peanuts or flour



or both had a hemostatic effect on the internal bleed-

ing of patients afflicted with this dread disease. We
supplied Dr. Boudreaux and many others in this

country and abroad with peanut flour who found it

relieved them from the painful symptoms. He fi-

nally discovered the component which was responsi-

ble, a compound of choline. Since this material can

be obtained with less cost and in concentrated form,

peanut flour phased from the scene. It was gratify-

ing to know that peanut flour played a large part in

the progress of medical science in this held.

What are the problems associated with the deve-

lopment of peanut flour as a commercial

commodity?

No. 1 is price— a product suitable for human
use must be made from top-quality peanuts. It is

economically unfeasible to start with U. S. No. 1

peanuts which command a price of 20(r to prepare a

product to compete with wheat, soya, and cottonseed

flour. A source of peanuts must and will be found

to meet this requirement.

No. 2 is the disappointment on the part of food

processors that peanut flour does not taste like roast-

ed peanuts. Until recently, it was not known what

was responsible for this tantalizing aroma and

flavor. When the oil is separated from the solid con-

stituents of peanuts, these characteristics are lost.

Research work, still in progress, has discovered part

of the answers. Primarily, this flavor is a result of

the synergistic ert'ect of the oil and the solid constit-

uents during roasting.

No. 3 is the deflciency of certain nutritive fac-

tors. These can be overcome or ignored, depending

upon the product developed. For purely nutritive

purposes, it can be blended with other food items to

form a satisfactory product.

No. 4 is the processing technique. A satisfactory

product has been and can be prepared with existing

oil mill equipment. Many modifications should be

made to ensure a perfectly sanitary product. You
must understand that with each added step in the

process the cost is increased. Since the price of the

flnished product must be held down, it is imperative

that the processing technique must be kept as simple

as possible. This will depend upon the type product

the customers demand. If a product from un-

blanched peanuts is acceptable, a considerable cost is

eliminated. If the demand is for blanched flour,

four steps are added, heating-cooling-blanching-and

screening. An alternative is water blanching, with

two steps, blanching and drying. This is more expen-

sive than dry blanching since it involves more sophis-

ticated equipment.

Temperatures must be held to a minimum,
commensurate with effective and economical extrac-

tion of the oil, to reduce denaturation. We have pro-

duced flour with a nitrogen solubility of 60 percent

with a solubility of 85 to 95 percent in raw flour, so-

lvent-extracted only. Perhaps, the answer to the de-

gree of solubility may best be provided by nutrition-

ists as they formulate the various products.

For a long time milling the crude meal into flour

was the big problem. Screening and sifting proved

to be complicated and wasteful. Suitable milling

equipment is now available capable of reducing all

the change to -100 mesh in one pass.

It has been determined that a high-quality, high-

protein, highly nutritive flour can be made from

peanuts. Its future will depend upon the availability

of suitable peanuts, the price schedule, and the inge-

nuity and imagination of food technologists and

business men. It is highly to be desired that peanut

flour will soon occupy a prominent place in the food

world.
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AID INCENTIVES TO U. S. COMMERCIAL OPERATIONS
IN DEVELOPING COUNTRIES

by

R. J. Emerson
Office of Private Resources

Agency for International Development

U. S. Department of State

Washington, D. C.

Adequate data on annual investments by U. S.

agribusiness firms in the less-developed countries

(LDCs) are not available. However, U. S. private in-

vestments in fertilizer plants—which account for a

major share of agribusiness capital needs—suggest

a sizeable contribution to solving the food problem.

U. S. firms have built or are building fertilizer

plants in Brazil, Colombia, India, Iran, Malaysia,

Philippines, Pakistan, South Korea, and Taiwan.

Applied to grain, fertilizer produced in these plants

could increase the annual grain producing capability

of these countries by 30 million tons—roughly dou-

ble that now provided under our food assistance

programs. U. S. agribusiness investments in other

areas such as farm machinery and pesticides con-

tribute still further to the food producing capabili-

ty of the LDCs.

Agribusiness firms are now providing vital tech-

nical assistance through their business investments.

The impact can be of great value. For example, Esso

has established 400 agroservice centers in the Philip-

pines, staffed by trained agronomists, providing a

private extension service. They market both fertiliz-

er from their local fertilizer plant and a complete

line of other farm inputs such as pesticides and

farm equipment.

There has been much generalized talk about con-

sortia and a "systems approach" to LDCs agriculture

problems. To our knowledge, the first meaningful

project incorporating these ideas has recently been

launched.

Five international companies ' have joined in a

consortium to work with the government of the

Dominican Republic in an agroindustrial develop-

ment program on government-owned lands. The con-

sortium, Agro-Industrial Development Company, S.

A., will plan and implement a development program

integrated with the government's long-term program
for land improvement and broadening of land own-

ership among Dominican farmers. While details

have yet to be worked out, the land would be turned

over to Dominican farmers on liberal credit terms

after a 10- to 15-year development period. During

development, profits would be split by the consor-

tium and the Dominican government.

The Dominican Republic has applied for a loan

from Agency for International Development (AID)

to begin developing 200,000 acres of land. These

funds would go to the corsortium. Approximately

$15 million is believed adequate to get the project

started. Investment in the land would come from

the Dominican Republic, with the consortium provid-

ing plant, equipment, and technology.

The plan involves the expansion and diversifica-

tion over 10 to 15 years an agricultural economy now
based mainly on coffee, cocoa, sugar, and tobacco. To

develop a market-oriented economy, the consortium

would concentrate on raising cattle, peanuts, winter

vegetables, melons, strawberries, rice, and soybeans.

The Dominican project, still in the planning

state, has attracted the attention of Argentina, Par-

aguay, and Iran. Argentina is interested in having

the consortium assist in turning some half-million

acres from sugar to other crops and to help develop

necessary marketing systems. The Paraguayan pro-

posal also involves the diversification and develop-

ment of large acreages, complements the Argentina

project and could be implemented on a regional or

subregional basis.

Millions of pre-school children suffer perma-
nent mental and physical damage because they do

not get enough protein. The U. S. food industry is

attacking this problem by developing and introducing

' International Minerals and Chemical Corporation, ADELA (a multinational private investment company), Dow Chemical
Company, International Harvester Company, and the Worthington Corporation.
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high protein products that appeal to consumer taste

patterns and financial means.

Some examples are:

The Coca Cola Company has announced

plans to produce a new protein beverage in Bra-

zil called Saci. Soybean based, Saci contains 3-

percent protein and seven vitamins. A 7-ounce

bottle will provide about half the minimum dai-

ly requirements, according to Coca Cola.

\'itasoy is a popular soft drink in Hong
Kong. The Monsanto Company and a Hong Kong
entrepreneur, which have been producing this

high-protein beverage since 1940, have set up a

joint venture to make \'itasoy concentrate for

franchised bottlers in Southeast Asia and Latin

- America.

Quaker Oats has been working with a high-

protein flour called Incaparina to meet Latin

American tastes. Incaparina. developed by the

Institute of Nutrition of Central America and

Panama, uses a corn base supplemented by se-

same, cottonseed, or soybeans, plus yeast. On
par with milk nutritionally, it only costs one-

flfth as much.

The Pillsbury Company, assisted by an AID
grant, has been consumer-testing a new high-

protein soft drink in El Salvador made from

corn meal, cottonseed, and nut meal.

Other Hrms are at work on comparable product

development under AID's high-protein food studies

program.

AID inventives to Private Investment

Within the Office of Private Resources a Private

Iure>;t))ieut Center has been established as a point

of contact between U. S. business and AID for

private investment projects in all the developing

countries. Through the Private Investment Center,

continuing working relationship will be established

with the U. S. private investor who is seriously inter-

ested in doing a development job in the less-deve-

loped countries.

We are providing a multiplicity of assistance to

encourage private U. S. enterprise to invest in pro-

jects to meet food deficiencies in the LDCs. The fol-

lowing major aid programs are now operating to en-

courage private capital flow to the LDCs: hifomia-

ti())i Serrices, hivest inent Surreys, htvest ttietit Li-

Hurance, Extended Risk Gudranties, Local Cxrrencij

L<)<nis, and limited Dollar Loa^ts.

In Africa, under AID contracts, investment

houses and subsidiaries of several commercial

banks are locating specific investment opportunities

and promoting them with their customers. Also in

Africa, a group of major U. S. agribusiness compa-

nies are working with AID to promote large-scale,

vertically integrated agricultural and fisheries pro-

jects. Six study teams are already in Africa.

A look at the current use of AID incentive pro-

grams by LI. S. agribusiness is encouraging. Today
one-third of AID's invest nient survey agreements
have been i)i tliefield of a(iribusi)iess.

The potential investment represented by the 25

agreements signed to date in this fiscal year totals

roughly $190 million. Ten of these are in the agribu-

siness field and represent an estimated $163 million

— if all companies make positive decision to invest.

During the 3-year period 1965 to 1967, AID wrote

political risk insurance (against inconvertibility of

local currencies, loss from expropriation, and war
damage) totaling $701 million to project 155 projects

directly related to food and agriculture investments

of some $233 million.

AID recently worked out a new form of ex-

tended risk loan guaranty (e.g., covering commercial

as well as political risks) for U. S. institutional lend-

ers, such as banks, pension funds, and insurance

companies who make long-term loans for projects in

the developing countries. Extended risk guaranties

were written in fiscal year 1967 for six agribusiness

projects with a total capitalization of $181 million.

Thirteen loan guaranties are projected for this fiscal

year, totaling $105 million in AID extended risk guar-

anty authority, covering investments in agribusiness

projects with a capitalization of over $350 million.

In 1963, AID provided a specific risk guaranty

for a Gulf Oil refinery in Korea. Subsequently, two

fertilizer plants were constructed to use the raw
materials from the refinery operation. Each ferti-

lizer plant has an annual capacity of 143,000 metric

tons of nitrogen, phosphate, and potash.

Ultrafertil, S. A., owned 60 percent by Phillips

Petroleum and 40 percent by local investors, is build-

ing a major fertilizer plant in Brazil. An AID ex-

tended risk guaranty made it possible for six U. S.

insurance companies to put up $23 million of long-

term loan capital. AID loaned $14.8 million. Total

capitalization is expected to be $70 million. Both

loans will be used to buy U. S. goods. Meantime, us-

ing imported fertilizer materials. Ultrafertil has

already opened eight fertilizer distribution centers

in rural areas, ofifering technical assistance and mod-

ern fertilizer materials. This starts the network

even before Ultrafertil is in production, which is

slated for early 1969.

During 1965 to 67, AID lent some $20 million in

local currency under the Cooley loan program to new

U. S. affiliated agribusinesses.

Under AID's Investment Survey Program, we
partially underwrite the cost of feasibility surveys
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by private U. S. firms in a wide range of invest-

ments. If the project does not prove out, AID covers

half the cost against receipt of a professionally

acceptable report.

Furthermore, as an integral part of AID's ef-

forts to pay increased attention to valuable re-

sources available, or potentially available, from U.

S. non-federal aid donors, the Private Resonrces

Development Service has recently been established in

the Office of Private Resources. The primary func-

tion of this new service is to assure the maximum
effective utilization of the resources of the U. S.

private community in furthering overseas develop-

ment objectives; and stimulate the growth of the

private sector in the less developed countries.

Clearly a beginning has been made and a good

one. The job is to accelerate and broaden what is un-

derway.

Prospects.—New inputs and infrastructure,

new attitudes, adequate farm credit, and sound poli-

cies—these are the active ingredients of the "green

revolution." And they are paying off. World agricul-

tural production in 1967 set a new record, and the less

developed countries accounted for most of the in-

crease.

There is concrete evidence that some developing

countries may be entering a period of "agricultural

takeoff." The transfer of resources— both public

and private— to countries of great food needs has
already resulted in new fertilizer plants, new high-

yielding varieties of rice and wheat, and the begin-

nings of market-oriented economies.

The question is whether this promising state of

affairs will continue—whether the growth of food

production in the developing world will continue to

accelerate— whether this burgeoning agricultural

revolution will become a part of the permanent or-

der of things.

A sustained effort between the United States

and other developed countries and the less developed

countries is necessary. The four-way working part-

nership between the government and the private

sectors of both developed and less-developed coun-

tries must be strengthened. We have come a long

way. We have a long way to go. If we stick to it—the
job can be done.
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SUMMATION OF CONFERENCE

by

H. L. Wilcke

Ralston Purina Company
St. Louis, Mo.

I am just going to give you a few of the

tlioughts tliat this Conference is leaving with me.

Now, the world's production of the three major

oilseeds, including USSR, according to the Presi-

dent's Science Advisory Committee Report on World

Food Supply, in 1961 to 1962, was: soybeans—31 mil-

lion metric tons; cottonseed—20.6 million metric

tons; and peanuts in the shell— 14.1 million metric

tons— a total of 65.7 million metric tons.

If we translate this into proteins, that means
18.1 million metric tons of protein, which is a lot of

protein.

Now, the work reported from Mexico empha-

sized the possibility of the adaptation of further

crops—sesame and chick peas. These, of course,

would add to this as well as many of the others such

as sunflower.

Certainly, we are not using the protein from
these sources as well as we might, particularly when
quantities of a product that could be high quality

often are used as fertilizer or even dumped. So, it is

very appropriate that we be considering at this Con-

ference the protein-rich food products from oil-

seeds.

Because of the fact that cotton is indigenous to

many of the protein-deficit areas, it should certainly

be used more extensively as a direct human food.

The work reported from the Southern Utilization

Research and Development Division points to the

possibility of solving the problems of gossypol

through two new methods of producing protein con-

centrates, providing a high-protein concentrate, and
also providing a means of inactivating mycotoxins

—

even though additional work needs to be done to re-

duce these methods to the realm of practicality and
economic feasibility.

Further work has resulted in methods for the

production of protein isolates with quite differing

and very intriguing properties. These now await

practical evaluation.

Peanuts are providing very useful flours, con-

centrates, and isolates.

Soybean flour and grits, concentrates and iso-
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lates are being produced and marketed in the United

States, at least, and many new and exciting products

are being produced from these soybean-protein

sources.
The versatility of all of these oilseed proteins

has been emphasized in this Conference by the de-

scription of their possible and probable uses.

At this Conference, it has been recognized that

protein cannot be separated from the total food

problem. It has also been recognized that all forces,

including government, universities, private industry,

must be involved in working out these problems.

It has also been recognized that we cannot be

interested in the protein for the sake of protein. It

must be a form that will be consumed because it is

desired— not because we want somebody to consume

it. It is of no value until it has been eaten and uti-

lized by the body—whether human or animal.

Now, we have recognized too that there are

many ways in which the protein supplies of the

world can be increased. Some very significant prog-

ress has been made in some of the fields, such as the

production of new IRS rice; in the production of

higher protein wheat in Mexico; and, in the potential

of corn with a protein of higher biological value.

In looking at these protein sources from the

viewpoint of this country, I would like to ask the

question: Why should oilseed protein products be

labeled as substitutes? Has our consumption pattern

been so perfect that it can't be improved? Can we

expect the perfect product from any of these?

I submit that the emphasis for economy, nutri-

tion, palatability, and functionality should be upon

the final product and not on the individual compo-

nents.

Why then ask a protein source to be odorless,

tasteless, colorless, and then very frequently reject

the product because it does not add to these charac-

teristics? Isn't it time to classify oil-protein sources

as products in their own right and to recognize them

as something new and exciting? Just as much as it is

time, or past time, for the dairy industry to take the

halo ort' of their products and look at them for what

thev are.



Now, when I eat peanuts, I am eating peanuts. I

am not under any delusion that I am eating steak. So,

I think there is no reason why these products should

not be considered as new products, to be sure, but

products which should be taking their place.

Quite often we discard useful products—those

which may have one or more useful and desirable

characteristics—simply because they do not possess

all of the things that we would want. This has been

pointed out by our speaker this noon, that we do this

particularly when we are judging by U.S. standards.

We must recognize that preferences for taste, col-

ors, textures, and other criteria vary drastically in

different areas. There is nothing more dangerous

than generalization. We must focus upon specific

needs and specific characteristics.

This Conference, certainly, has brought togeth-

er an invaluable summary of the present status of

protein from oilseeds by the many outstanding

speakers. I think one of the major results of the

concern for world food supplies, and more specifi-

cally for world protein supplies, is the attention

focused upon all available sources of protein and

the acquisition of a library of information which

we can put to very good use domestically. This will

serve the United States well when there is a need for

protein sources of differing characteristics—func-

tional, economic, palatability, or otherwise.

Now, if we fulfill our promises and our moral

obligations to those countries which face serious

protein deficits, we will continue with a real sense of

urgency to seek new technology and to apply existing

technology to the development of protein sources

—

indigenous, if possible, but certainly products that

are not only acceptable but desirable by each of the

populations we are working with—that they be made
available at minimum cost, and in so doing, we will

acquire this information to which I referred be-

fore.

We will supplement our research— basic, ap-

plied, developmental—toward the elucidation and
identification of properties, both unique and conven-

tional, of our protein resources—be they animal,

plant, fish, single cell, or others. So that when the

food fabricator desires certain properties, he may
quickly identify possible sources that are practical

and economical. There must be the goals, not for the

simple purposes of utilizing oilseed, but to place

lese products in their proper prespective in helping

to provide food for the future.

I think that is what this Conference was about.
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Association, P. 0. Box 12023, Memphis, Tenn.

38112

Hartman, Warren E., Worthington Foods, Inc., Wor-
thington, Ohio 43085

Hebo, Halfdan, American Protein Corp., P. 0. Box
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Heusdens, E., Ralston Purina Co., 835 Eighth St.,

St. Louis, Mo. 63199
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31742
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Children's Fund (UNICEF) Bangkok, Thailand
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nomics, Agricultural Experiment Station, Missis-

sippi State University, State College, Miss. 39762

King, Wesley R., The Quaker Oats Co., 617 West
Main St., Barrington, 111. 60010
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Parkway, Houston Tex. 77019
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Kunkel, H. 0., Texas A&M University, College Sta-

tion, Tex. 77843

Lachance, Paul A.. Rutgers, The State University,

Food Science Department, New Brunswick, N. J.
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Lloyd, J. A., General Oils Department, Canada Pack-
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tion, Tex. 77843
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Molnar, Ferenc, Soybean Council of America, Inc.,
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1701 National Bank of Commerce Bldg., 210 Bar-

onne St., New Orleans, La. 70122
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Thomas D. Woods, International Programs in Agri-
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the United Nations (FAO), c/o United Nations

Children's Fund, United Nations, N. Y. 10017
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Houston, Tex. 77001

Wilson, Elizabeth, N. C. Peanut Growers Associa-

tion, Box 409, Rocky .Mount, N. C. 27801
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ATTENDANCE OF PERSONNEL FROM THE SOUTHERN
UTILIZATION RESEARCH AND DEVELOPMENT DIVISION
FOR AT LEAST ONE SESSION OF THE CONFERENCE

Berardi, Leah C. (Mrs.)— Oilseed Crops Laboratory

Berquist, Jack J.— Administrative and Plant Man-
agement

Codifer, Louis P., Jr.—Oilseed Crops Laboratory

Conkerton, Edith J. (Mrs. )— Oilseed Crops Labora-

tory

Cross, Daniel E.— Engineering and Development
Laboratory

Cucullu, Alva F. (Mrs.)—Oilseed Crops Laboratory

D'Aquin, Esler L.— Engineering and Development
Laboratory

Dechary, Joseph M. (Dr.)—Oilseed Crops Laboratory

Decossas, Kenneth M.— Engineering and Develop-

ment Laboratory

Deobald, Harold J. (Dr.)— Food Crops Laboratory

DoUear, Frank G.—Oilseed Crops Laboratory

Dupuy, Harold P. (Dr.)— Oilseed Crops Laboratory

Eaves, Paul H.—Engineering and Development Lab-

oratory

El-Nockrashy, Ahmed S. (Dr.)—Oilseed Crops Labo-

ratory

Fernandez, Charles J.—Oilseed Crops Laboratory

Fisher, C. H. (Dr.)—Director

Fore, Sara P.—Oilseed Crops Laboratory

Frampton, Vernon L. (Dr.)—Oilseed Crops Labora-
tory

Gajee, Betty B. (Mrs.)—Oilseed Crops Laboratory

Gardner, Homer K., Jr.—Engineering and Develop-

ment Laboratory

Gastrock, Edward A.— Engineering and Develop-

ment Laboratory

Goldblatt, Leo A. (Dr.)—Oilseed Crops Laboratory

Guilbeau, Waldeck F.—Engineering and Develop-

ment Laboratory

Hennessey, Glen Rae (Mrs.)—Director's Office

Hensarling, Thomas P.—Cotton Physical Properties

Laboratory

Hoffpauir, Carroll L.—Director's Office

Hogan Joseph T.—Food Crops Laboratory

Jacks, Thomas J. (Dr.)—Cotton Physical Properties

Laboratory

Jones, Marie A.—Director's Office

Jones, Mary Alice B. (Mrs. )—Director's Office

King, William H.—Cotton Physical Properties Labo-
ratory

Kolton, Stanley P.— Engineering and Development
Laboratory

Lambou, Madeline G. (Mrs.)—Engineering and Deve-

lopment Laboratory

Lee, Louise S. (Mrs.)—Oilseed Crops Laboratory

McCourtney, Emile J.—Oilseed Crops Laboratory

McFarlane, Vernon H. (Dr.)—Food Crops Laboratory

Mann, Godfrey E. (Dr.)—Oilseed Crops Laboratory

Martinez, Wilda H. (Mrs. )— Oilseed Crops Labora-
tory

Matthews, Jack (Dr.)—Food Crops Laboratory

Mayne, Ruth Y.—Oilseed Crops Laboratory

Mazzeno, Laurence W., Jr.—Director's Office

Miller, Tahka E. (Betty) (Mrs.)—Director's Office

Molaison, Laurie J.—Engineering and Development
Laboratory

Mottern, Hugh H. (Dr.)— Engineering and Develop-

ment Laboratory

Neucere, Navin J.—Oilseed Crops Laboratory

Ory, Robert L. (Dr.)—Oilseed Crops Laboratory

Pearce, Ellen S. (Mrs.)Director's Office

Persell, Ralph M.— Assistant Director

Pominski, Joseph— Engineering and Development

Laboratory

Pons, Walter A. Jr.,—Oilseed Crops Laboratory

Rayner, Eric T.—Oilseed Crops Laboratory

Robertson James A. (Dr.)—Oilseed Crops Laboratory

Riley, West, Jr.— Plant Management
St. Angelo, Allen J.—Oilseed Crops Laboratory

Saucier, Shirley T. (Mrs.)—Director's Office

Senn, Vincent J., (Dr.)—Oilseed Crops Laboratory

Singh, Rattan (Dr.)—Oilseed Crops Laboratory

Spadaro, James J.—Engineering and Development
Laboratory

Stansbury, Mack F.—Director's Office

Sumrell, Gene (Dr.)—Oilseed Crops Laboratory

Vix, Henry L. E.— Engineering and Development
Laboratory

Williams, Nancy R. (Mrs.)—Economic Research Ser-

vice

Wojcik, Bruno H. (Dr. )—Assistant Director

Yatsu, Lawrence Y. (Dr.)—Oilseed Crops Laboratory
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